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SEWAGE AND INDUSTRIAL WASTES 1 


CLOG-PROOF 


RELIABLE 


“Flush-Kleens” are absolutely clog-proof . the impellers 
handle nothirg but strained sewage, minimizing wear and 
maintaining pump balance. They need no manual attention 
other than lubrication and inspection, No labor is needed 
to dis-assemble and clean. Not just another practically non- 
clog pump—*Flush-Kleens” are positively clog-proof. 


Look at These Long-established Facts 


“Flush-Kleens” are the only absolutely clog-proof sewage 
pumps; impellers are not required to pass any solids. 


The “Flush-Kleen” will) pump anything that will pass 
through the pipe regardless of type or quantity of material. 


“Flush-Kleen™ selection is not limited to a narrow pumping 
range to prevent dynamic unbalance of the impeller and 
consequent shaft and bearing failure. 


@ “blush-Kleen” versatility and flexibility of operation make 
selection of the proper unit simple for small stations where 
accurate capacity and head figures are often not available. 


CHICAGO PUMP COMPANY | === 
SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET 


Flush Kleen. Scru-Peller. Plunger 
Horizontal and Vertical Non Clogs 
Water Sea) Pumping Units. Samplers 


CHICAGO 18, ILLINOIS 


Swing Diffusers. Stationary Diffusers. 
Mechanical Aerators, Combination 
AeratorClaritiers. Comminutors 
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A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage 
ment of such works 

PUBLICATION OFFICE 


Prince and Lemon Sts., Lancaster, Pa. 


EDITORIAL AND EXECUTIVE OFFICES 

25 Illinois Bidg., Champaign, Il. Send all manuscripts, advertising copy, subscriptions, address changes, etc 

to this address 
SUBSCRIPTION RATES 

Members of local sewage works associations affiliated with the Federation, $5.00 per year. 

Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 

Single copies: United States, $1.00 each; Foreign, $1.25 each 

¢LAIMS 
N. aims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 


(60) days of the date of issue and no claims wil! be allowed for issues lost as a result of insufficient notice of change 
of address Missing from files’ cannot be accepted as the reason for honoring a claim 


MAILING PERRMIT 
Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879 
‘ d f " ga ¢ special rate of postage provided for in the Act of February 28, 1925, embodied in para 
Section 34 PL. { 1948, authorized October 4, 1945 
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Chlorination can be simple, and Builders 
Chlorinizers will prove it to you. Here, at 
last, are chlorine gas feeders that give the 
same good service winter or summer, that 
require minimum attention and mainte- 
nance, and that simplify plant operation 
instead of complicating it. It’s easy to get 
accurate chlorination with Builders Chlor- 
inizers — your regular plant personnel is 
fully capable of operating these reliable 
feeders. 


Simplicity means safety, too. The power- 
ful, spring-loaded chlorine control valve 
delivers the exact amount of chlorine re- 
quired — yet is ready to stop the flow in- 
stantly, if any condition occurs to interfere 
with safe operation. It will pay you to learn 
more about these and the many other 
advantages of Builders Chlorinizers: for 
manual, semi-automatic, program, or flow- 
proportional chlorination. For Bulletins 
and engineering information, address 
Builders - Providence, Inc. (Division of 
Builders Iron Foundry), Providence 1, R. I. 
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Y, 
The chlorine gas feeders 
with exfra features 


BUILDERS PRODUCTS 


The Venturi Meter * Propelofio and 
Orifice Meters * Kennison Nozzles 
Venturi Filter Controllers and Gauges 
Conveyofio Meters * Type M and Flo- 
Wotch Instruments * Wheeler Filter 
Bottoms * Master Controllers * Chlor- 
inizers — Chlorine Gos Feeders * Filter 
Opercting Tables * Monometers 
Chronoflo Telemeters 


BUILDERS$“PROVIDENCE 
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SEWAGE AND INDUSTRIAL WASTES 5 


Establishing remarkable records 
for high purification at low cost— 
YEOMANS “SPIRAFLO” CLARIFIER ana “AERO-FILTER” 


SINGLY ...OR IN COMBINATION 


. especially in the treatment of strong industrial wastes 


Low construction cost . . . low operating cost . . . high purifying efficiency: 
these are the characteristics of the Yeomans “Spiraflo” Clarifier and the 
“Aero-Filter System,” whether used separately or in combination. 


*“SPIRAFLO” CLARIFIER—Unusual functional de- 
sign makes this unit a highly efficient clarifier for use in 
trickling filter plants . . . eliminating several non-essen- 
tials that multiply construction and operating costs. Up- 
ward flow of influent through sludge blanket increases 
removal of settlable and suspended solids. 


‘*‘AERO-FILTER” SYSTEM—Simplified design of 
this high capacity biological trickling filter cuts con- 
struction costs—reduces size of required filter bed by 
about 85°,. High efficiency of single-stage operation 
eliminates need of installing and operating expensive 
conventional recirculating equipment. 


YEOMANS BROTHERS COMPANY 
1411 N. Dayton St., Chicago 22, Ill. 


Please send these bulletins: 
No. 6570 6790 “‘Spirafle” Clarifier 


5 


FIT ANY REQUIREMENTS Overall 
plant efficiency is always higher when the 
two units are used in combination; how- 
ever, plants using either type of equipment 
or the comb can be designed to fit 
any needs for treating domestic and indus- 
trial wastes. 


IMPORTANT INFORMATION —Facts 
to remarkable records established by 
Yeomans units will be helpful in your proj- 
ect planning. Bulletins containing per- 
formance data, field engineering data and 
construction cost are availabl 
on request—-use the coupon. 
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SEWAGE AND INDUSTRIAL WASTES 


Piping for every water service 
From one Source... CRANE 


FOR TIGHT SEATING... EASY OPENING 


Crane A.W.W.A. Iron Body Gate Valves cannot be sur- 
passed. Crane parallel seat and double disc construction 
assures pressure-tight closure easy opening... under 
all operating conditions. To prevent corrosion, screwed-in 
body seat rings are brass; discs are brass or brass faced, 

Crane design assures maximum strength for all recom- 
mended services. Body and bonnet are oval shaped, with 
uniformly thick metal sections; tie ribs between bonnet 
flange and end flanges assure proper body support and 
guard against line strains. 

Straight-through ports give uninterrupted flow. Two- 
piece gland maintains uniform pressure on packing; pre- 
vents binding on stem; lengthens packing life. These 
valves can be motor or cylinder operated; equipped with 
gears and by-pass. Flanged and hub ends available. See 
your No. 49 Crane Catalog. 


CRANE CO., 846 S. Michigan Ave., Chicago §, Il. , 

Branches and Wholesalers Serving All Industrial Areas No. 2495, Outside screw 
and yoke. Cold Water 
Working Pressures: 12- 


@ one orver 10 CRANE COVERS ALL MATERIALS inch and smaller, 200 


pounds. 14-inch and 
FOR YOUR PIPING INSTALLATIONS 080 


Sizes: 2 to 24-inch. 


RAW WATER INLET /ines 
to high service pumps, fea- 
turing Crane low pressure 
iron body double disc 
Rate valves 


PUMP HOUSE /or moving 
industrial waste water to 
treating plant. Crane 
equipment includes shop 
fabricated manifold, iron 
body gate and check 


EVERYTHING FOR EVERY PIPING SYSTEM 


CRANE 


VALVES © FITTINGS © PIPE © PLUMBING AND HEATING 
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SEWAGE AND INDUSTRIAL WASTES 


..»+ NOW REDESIGNED FOR STILL HIGHER EFFICIENCY 


If you're pumping solids ... not large enough to require regular non-clog slow 
speed sewage pumps... you'll find Economy volute mixed flow pumps the an- 
swer to your problem. Engineered for greater economy in operation, the 
Economy mixed flow volute line, tested and proved in twenty-two years of 
operation, has now been redesigned for still higher efficiency. 

Built to keep pumping longer at lower cost these pumps are equipped with the 
highest duty bearings available, including double row, angular contact thrust 
bearing. Large size pumps also have a self-aligning, spherical roller radial 
bearing. 

Capacities range from 3,000 to 50,000 G.P.M., heads from 10 to 50 ft. For 
complete details, write Dept. AC- 4, 


Centrifugal, axial and mixed flow pumps for all applications. 


Economy Pumps Inc 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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Where corrosion resistance counts 


SEWAGE 


AND INDUSTRIAL WASTES 


JOE: suppose you think you're 

Everdur for only part of this job 
yim: “Of course. These other materials are che 
JOE: “But you knou 


ve rdur 


NM: “We-e-ell 


saving 
they wont resist corr 


It's easy to work and machine 
im: “Yeah?” 
joe: “Sure. And don’t forget, built up assemb! 


” “What d’ya mean, using all 
Everdur might cost less?” 


you're going to have to replace them eventually.” 


money by using 


aper. 


osion as long as 


JOE: “Then the re’s the fact that I verdur costs less ta fabricate 


lies are lighter 


easier to operate. That cuts costs ; 
yim: “Okay, okay. You win. I guess we will be money ahead to Be 
use Everdur all around.” i 
plant ind waterworks ca wrought forms such as sheets plates, rods bars 
e efficiency and long-rar and in structural s! IPes Suc h as angles, chan- 
ir™ to resist corrosion nels, tee sl pes ar d “I” beam sections; also in 
These ANACONDA Copper casting ingots. If you would like to know more, 
the corrosion resistance just write to The American Brass (¢ MMpaNny, if, 
tensile strength Waterbury 20, Connecticut. In Canada: Ana | : 
rilable i practicall ill conda American Brass Ltd., New Toronto, Ont 


—wuse Everdur 


ANACONDA 


COPPER-SILICON ALLOYS 


49172 
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SEWAGE AND INDUSTRIAL \ 


GRIDUCTOR 


GRIDUCTOR INSTALLATION (Size 36), DAYTONA BEACH. FLORIDA 


Combines Coarse and Fine Screening 
Actions with Cutting and Shearing 


ERE’S a better way to reduce the size 

of solids!) GRIDUCTOR does it by 
intermittent cutting and shearing without 
excessively increasing the dissolved or- 
ganic content of the sewage. Easily and 
quickly installed in new or existing sewage 
screen channels. Protects treatment plant 
units from fouling and clogging. Delivers 
more readily settleable solids to primary 
clarifier, and larger quantity of sludge to 
digester increasing gas production. Get all 
the facts about this sturdy, efficient equip- 
ment. Send for Bulletin No. 5100. Write 
today . . or, ask our nearest field engineer 
for complete information. 


WORLD'S 


__| 


LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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SEWAGE AND 


INDUSTRIAL WASTES 


Large or small... you can solve your sewer problems 


with CONCRETE PIPE 


HETHER your immediate sewer 


need is a large diameter storm sewer 
or a smaller sanitary sewer for domestic 
wastes Concrete pipe is the ideal answer. 
Here are the reasons why; 


@ Its uniformly dense structure and joints 
that can be made watertight assure mini- 
mum infiltration and leakage. 


interior finish 
action 


@ Its smooth resists the 
matter and 


provides maximum hydraulic capacity 


wearing of abrasive 


@ Its great strength resists severe impact 
and sustains heavy overburdens. 


@ Its unusual durability enables it to give 
many long years of heavy-duty service. 
Many concrete sewers have given a cen- 
tury of unexcelled service. 


Concrete pipe is economical, too, because 
its’first cost is moderate, its life is long and 
its maintenance low. These three factors 
result in service— 


the true measure of pipe line economy. 


low-annval-cost sewer 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue 


Chicago 10, Illinois and concrete 


A national organization to improve and extend the uses of portland cement 
through scientific research and engineering field work 


a 
<A 
ie 
ai | 
4 
als 
| 
3 
| 


i Allows jocking of plug Ne need 10 shut down line No contact with line Ruid 
| 


OTHER VALVE 
fealires 


and titty one 


IMPORTANT / 


FOR SEWAGE DISPOSAL SERVICE 


A TIGHT SHUT-OFF ALWAYS 
Sealed with lubrie ont 


UNEXPOSED VALVE SEAT 


PRESSURE SEALED PORTS 
tubricotion 


Nordstrom Valve Division—ROCKWELL MANUFACTURING CO. 
400 North Lexington Avenue, Pittsburgh 8, Po., Offices in all principal cities Sat dewee tein 


Co., International 
sliding, New York 


ECU DED EL UBDICATE DDECCUD: ADJUSTABLE UNDER PRES: | 
Simple external ] | 
MOST COMPACT SIZES SAVE MAN-HOURS 
For restricted creat ‘Use Hypermetic lubricant 
| 
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Consulting Engineer Haskins Specifies Inertol 
Paints throughout two new sewage plants 


North Side Sewage Plant, the larger of the two plants at Joplin, Missouri 
Inertol colors and black bituminous paints applied throughout both plants 
Consulting Engineer: Charles H. Haskins, Kansas City 
Contractor for North Side Plant: Eby Construction Company, Wichita. 


Contractor for South Side Plant: Lippert Brothers, Oklahoma City 


Stringent paint specifications for both Joplin plants 


Exterior steel and equipment exposed to fumes: “Rustinhibitive Primer and 
Ramue Utility Enamel as manufactured by Inertol Co., Inc. or approved equal.” 
Exposed interior piping: “Rustinhibitive Primer and . a tough high-gloss 
protective enamel similar and fully equal to Inertol Glamortex.”” Concrete 
ceilings, upper walls, dadoes, floors: ““Ramuc Utility Enamel or approved equal.” 
Concrete and steel submerged in sewage: “approved acid-resistant paint similar 
and fully equal to Inertol Standard and Inertol Standard Thick respectively.” 


For exposed surfaces, the engineer chose the colors Battleship Grey, Dark 
(Gireen, White and Medium Grey. For submerged surfaces, Black 


Why specify Inertol coatings? 


Specify Inertol to satisfy clients and eliminate complaints on the paint job. 
Since Inertol chemists employ tough, chemical-resistant resins and pigments, 
the finished coatings stand up to abrasion, fumes, condensation and submersion. 
No peeling, no blistering, no fading. Inertol paints enduringly beautify and 
protect sewage plants 


Local Inertol representatives for your convenience 


Drop a post ecard to Inertol “Have vour local man see me about painting 


INERTOL CO., INC. 


19 South Park 480 Frelinghuysen Avenue 
San Francisco 7, California Newark 5, New Jersey 


Inertol, Ramuc, Glamortex Trademarks registered U. S. Pat. Off 
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SEWAGE AND INDUSTRIAL WASTES 


FOR WATER WORKS FOR SEWAGE PLANTS 


7. Clean, easy to handle. 


7. Produces crystal clear water. 


2. Gives better floc formation. 2. Dry feeds well or dissolves 


3. Promotes better settling and longer filter readily for solution feeding. 
&. Simple application. Requires 
only low cost feeding apparatus 


F. Aids in reduction of tastes and odors. 
5 and minimum attention. 


- Has no chlorine demand. 


Is a low cost coagulant. #. Clear, colorless effluents are 


possible. 


7. Superior in tests against other coagulants. 


” High in quality. Its constant uniformity can be S. Sludge digests readily. 

depended upon. 

6. Treated digested sludge 
dries quickly with minimum 
of odor. 


Aluminum Sulfate is almost universally accepted by 
water experts as the best coagulant for removal of 
turbidity, color and bacteria from water .. . and 
General Chemical Aluminum Sulfate is the outstand- 
ing choice the nation over. That’s because its high 
quality and constant uniformity have given it a time- 
tested reputation for reliability among operating men 
in towns and cities all over America. 

Municipal officials in charge of sewage treatment also 
find that clarity of sewage effluent is easily obtainable 
with General Chemical Aluminum Sulfate for the many 
reasons outlined above. For your water and sewage 
disposal systems, specify General Chemical “Alum”— 
preferred by most American cities. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
4O Rector Street, New York 6, N. Y. 


Offices: Albany e Atlanta e Baltimore e Birmingham e Boston 

Bridgeport e Buffalo e Charlotte e Chicago e Cleveland e Denver 

Detroit e Houston e Kansas City © Los Angeles e Minneapolis 

New York e Philadelphia e Pittsburgh e Portland (Ore) 

Providence e San Francisco e Seattle e St. Louls e Wenatchee 
Yakima (Wash) 


In Wisconsin: General Chemica) Company, Inc., Milwaukee, Wis, Got meee | 


in Canada: The Nichols Chemical Company, Limited 
Montreal « Toronto + Vancouver 


7. Chlorine consumption is 
cut due to lower demand 
of clarified sewage. 


Economical to use. 
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a crushing strength — or. for that 


matter — without all of the strength factors 


listed opposite —no pipe laid 100 years 
ago in city streets would be in service 
today. But, in spite of the evolution of 


traffic from horse-drawn vehicles to heavy 


trucks and buses—and today’s vast 


complexity of subway and underground 


utility services — cast lron gas and water 
mains, laid over a century ago, are 
serving in the streets of more than 30 
cities in the Unised States and Canada. 


Such service records prove that cast iron 


pipe combines all the strength factors of 


long life with ample margins of safety. No 


pipe that is provably deficient in any of 


these strength factors should ever be laid 


in city streets. Cast [ron Pipe Research 
Association, Thos. F. Wolfe, Engineer. 
122 So. Michigan Ave.. Chicago 3. 


CAST IRON PIPE 


DUSTRIAL 


WASTES 


Strength factors of Long Life! 


No pipe that is provabdly deficient in any of these 
strength factors should ever be laid in city streets 


CRUSHING 
STRENGTH 


BEAM 
STRENGTH 


SHOCK 
STRENGTH 


BURSTING 
STRENGTH 


The ability of cast ron pipe t withstand es 
ternal loads imposed by heavy Gl! and un 
waval waific loads is proved by the Ring 
Compression Test. Standard 6-inch cast iron 
pipe withstands a crushing weight of more 
than 14.000 Ibs. per foot. 


When cast tron pipe ts subjected to beam 
stress caused by soi! settlement! or disturbance 
of soll by other utilities. or renting on an ob- 
struction. tests prove that standard 6 inch cast 
tron pipe in 104oot span sustains a load of 
15.000 ibs. 


The toughness of cast iron pipe which enables 
to withetand impact and traffic shocks. as 
well as the basards in handling. is demon 
strated by the Impact Test. While under hydro- 
static pressure and the heavy blows from a 
50 pound hammer. standard 6-inch cast tron 
pipe does not crack until the hammer is 
dropped 6 times on the same spot from pro- 
gressively increased heights of 6 inches. 


in full length bursting tests standard 6 inch 
cast lron pipe withstands more than 2500 ibs. 
per equare inch internal hydrostatic pressure. 
which prewes ample ability to resist water 
hammer of unusua! working pressures 
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The Journal of the Federation of Sewage Works Associations 
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SEWAGE AND INDUSTRIAL WASTES 


ON DORR CLARIFIER 
MAINTENANCE COSTS ! 


REPAIR COSTS ON DORR TYPE S (ROUND) CLARIFIERS 


YEARS IN REPAIR COSTS 
"| TOTAL PER UNIT ORIGINAL COST 


0.27 
100’-200' Dia 1931-42 $3,568 $31 


1.00 
Under 100° Dio 1932-33 812 


0.71 
Under 100’ Dia 1934-35 


1 glance at the figures above will tell you eractly what repair costs can be 


expected with Dorr Clarifiers. 
Uhese figures are substantiated facts ... nol estimates, quesswork or wish- 
ful thinking. We believe they cannot be matched. 


Repair cosls are one of the primary factors upon which Clarifier excellence 


should he judged. \re you gelling the best? 


We'd like to tell you how Dorr 
Clarifiers stack up on perform- 
ance, too. Ask a Dorr engi- 


neer for the facts 


Sixteen Dorr Sifeed Clarifiers at Easterly Treatment THE DORR COMPANY, ENGINEERS 
Plant, Cleveland, Ohio, installed in 1932. 


NEW YORK © ATLANTA © TORONTO 
CHICAGO © DENVER © LOS ANGELES 
RESEARCH AMD TESTING LABORATORIES 
WESTPORT. CONN. 
PROCESSING 
PETREL & DORR DIVISION, STAMFORD, CONN. 
ASSOCIATES AMD 


Dorr Technica! Services and Equipment Are Also 
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Sewage Works 


Introduction 


Designers and operators of sewage 
works learn most from the difficulties 
encountered. The Sanitary District 
of Chicago was led into an intensive 
study of air diffusers because of clog- 
ging difficulties at its Southwest sew- 
age treatment works, in contrast to 
some 20 years of trouble-free operation 
at its North Side works. 

These tests were started on a small 
seale in 1941, after the plant had been 
in operation for about two years. In 
1942, small groups of porous plates 
and tubes of various permeability were 
installed, mostly in one tank, with con- 
nections for pressure loss readings to 
determine relative clogging rates. 

The concept of diffuser test -require- 
ments continued to expand until, by 
the end of 1945, each of the 8 aeration 
tanks of battery A was completely 
fitted with a different diffuser system ; 
and the & tanks operated in a parallel 
test for determining both the relative 
clogging rate and relative air economy 
of the respective systems. Each of 
these tanks is 136 ft. by 434 ft., ar- 
ranged in four passes, making the flow 
channels 34 ft. wide center to center 
of walls and 1,756 ft. long, with a 
water depth of 15 ft. over diffuser 
plates; each has a nominal treating 
eapacity of 32 m.g.d. 

* Presented at 22nd Annual Meeting, Fed 
eration of Sewage Works Assns.; Boston, 
Mass.; Oct. 17-20, 1949 


Engineer of Treatment Plant Design, 


TESTS AND STUDIES ON AIR DIFFUSERS 
FOR ACTIVATED SLUDGE * 


By Norvat E, 


The Sanitary District of Chicago. TU 


Comparative Tests 


The characteristics of the different 
diffuser systems which made up the 
comparative tests are summarized in 
Table I. The comparative test units 
were operated under regular plant 
conditions, with the normal fluetua 
tions of sewage flow and strength in 
the entire battery of test tanks, but 
with equal flow of mixed liquor to each 
test tank. The distribution was 
checked by Venturi meter readings on 
the effluent of each aeration tank at 
2-hr. intervals. The sludge from all 
24 final settling tanks of the battery is 
returned to a common channel, where 
it is mixed with the sewage from the 
preliminary settling tanks, making the 
mixed liquor influent to each test tank 
the same. 

Yearly averages of the general oper- 
ating data for the major test period 
are given in Table II. 

Special records of test data were 
kept in addition to the normal operat- 


ing records. 


Test Data for Relative Air Economy 


For determining the relative air 
economy of the different test tanks, the 
air supply was adjusted to produce as 
closely as possible the same dissolved 
oxygen at the effluent end of each 
tank. Also, the air supply to groups 
of diffusers was regulated to give uni- 
form distribution throughout the 
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length of each tank For a time, D.O 
determinations were also made at the 


quarter points of tanks as a cheek on 


tl ffi nt comparisons As a 
ther simultaneous oxygen utill 
zation determinations were 


throughout the lengths of two tanks 


Each aeration tank is supplied by 
two air mains, one to the influent half 
and one to the effluent half. Venturi 
meter readings and necessary valve ad 

istments were made on each air main 
rv 2 hi Dissolved oxygen determi 
nations were made by the Winkler 
method every 4 hr. on each tank The 
reaaing were averaged for ea h day 
and the daily averages were averaged 
or each month. The monthly aver 
aves of air used and the resulting dis 
solved oxygen at the effluent end of 
each tank are given in Table III 


WASTES April, 1950 


Test Data for Relative Clogging Rate 


In order to determine the relative 
logging rate of the different air dif 
fusers juent pressure readings 
were coordinated with the number of 
days of service, the cumulative total 
amount Of alr piisse d per diffuser, the 
amount of dirt in the air supply, and 
a log of events that could affect pres 
sure losses 

Pressure readings were taken at 
about weekly intervals by mercury 
manometers on each of the two air 
mains to each test tank. The piping 
losses were computed for the range of 
air rates for each tank and checked by 
occasional readings The net loss 
through diffusers in each case was ob 
tained by deducting the static head and 
piping loss from the air main pressure 


readings llowever, the reported losses 


TABLE I.— Characteristics of Diffuser Systems Tested 


Diff I 
Permes 
via 
Pla SO Nort 
Plat 0) Ca 
tube 
tubes 
‘7 es 
14 is ‘ 
i4 trite 
i t 80 
‘ & 10}-in. bra 
te O14 t 
t 
7.4 it 
Plat 
t 
\ fluent half of tank given se 1 
Feltex ediul 
Orig t t Influent: 712 N t 1) 
H20 ca Tear 2t f 
| 1946. to Mav 15. 1047 
were used 
‘Tubes were removed ! tank A-3 a 


Diff 
Diff ime Bar Feet 
Arra 
I », (enter 
Half I Wict to Wa 
7 is 64 
( 23 
6.4 
13 39 
4 wh 
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7 tract 
2.00 
7 720 158 4 7 4.3 
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820 4) 4 row I 4 6.4 
I 4 48 
ente 
ltering | St ew" pipeline type filters using 
78 Norton SO-perm., 78 Carborundum 65- 
ty Effluent: 1.076 Carborundum 65-perm 
tubes of same dime ns except slots 0.04 « 0.50 
wid cleaned before installation in tank A-5. 
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TABLE II.—-General Operating Data During Test Period 


Sewage flow, battery A (m.g.d. 
Return sludge, battery A (m.g.d 
Approx. total flow per tank (m.g.d 


ieday B.O.D. (p.p.m 
sewage 
Preliminary effluent 
Final effluent, battery A 


Suspended solids (p.p.m.): 
taw sewage 
Preliminary effluent 
Final effluent, battery A 


Susp. sol., aer. mixture (p.p.m.) 
Aeration period hr.)* 


' June—-December, 1945 

? Based partly on estimates 
> Based on estimates. 

* Based on mixed liquor flow 


Vear 
luas 
133 157 148 206 
4 72 
2 16 
162 171 15s? 
120 129 
13 
208 226 225 
133 
13 14 
1,800 1805 1.067 2,030 
1.7 5.2 5.1 34 


Starting on February 2, 1948, West Side Imhoff tank effluent was treated in battery A. 
Treatment in battery B started February 11, 1948. For the entire year 1948 the sewage flow in 
battery A averaged 46 per cent West Side effluent, which averaged 83 p.p.m. 5-day B.O.D. and 


91 p.p.m. suspended solids 
available in 1948. 


do include losses due to valve throttling 
as noted. A graphical summary of 
the net pressure loss determinations is 
given in Figure 1. 


Analysis of Data for Relative 
Air Economy 


Comparison of the respective amounts 
of air required to produce the same 
dissolved oxygen at the effluents of the 
aeration tanks was employed to indi- 
cate relative air economy beeause of 
the relation between dissolved oxyyen, 
rate of oxygen absorption, and rate of 
utilization which would obtain under 
the conditions of the test. 

It has been established (1) that 
“When a liquid and a moderately 
soluble gas come into contact and the 
liquid is kept thoroughly mixed so that 
it may be regarded as of uniform com- 
position at all points, the rate of solu- 
tion of the gas varies directly as the 


degree of wundersaturation of the 


No analyses of Southwest raw sewage or preliminary effluent were 


liquid.”’ The rate at which oxygen is 
absorbed must correspond closely to 
the rate at which it is utilized by the 
sludge, as the dissolved oxygen present 
at any time is a very small part of the 
total oxygen taken into solution during 
the aeration period. Therefore, under 
the test conditions, the same D.Q. in 
the effluent would indicate equal oxy- 
gen utilization in the test tanks; and 
the quantity of air required to produce 
this D.O. in each tank would indicate 
the relative air economy, or efficiency, 
of the respective diffuser systems. 
The test conditions were: 


1. Equal identical 


mixed liquor influent. 
2. Uniform 
throughout the length of each tank to 
insure uniform mixing. 
3. The quantity of air to each tank 
adjusted to vive the same D.O. at the 
effluents. 


quantities of 


distribution of air 
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by 

Q 


TANK A-3 


w 
oa g / 
ne us 
> 5 ch BATTERY Ql SERVE OF SERVICE O87 (9-24, | 
SEPT. 4-10, 144 OO TUBES REMOVED 
| 
40,967 ach 


PRE VION DAY 


| 


FIGURE 1 


As air adjustments were not always 
perfect and the probable error in any 
one D.O. determination may be 5 to 
10 per cent, results of short periods 
are not dependable. However, for 
periods of 6 to 12 months or more, such 
errors would be averaged out. 

In analyzing the test data, tanks 
were compared in pairs over identical 
periods of 6 to 18 months in which the 
air distribution was reasonably uni- 
form in each of the tanks. (Results 
from tanks after clogging diffusers had 
prevented uniform air distribution 
were not considered reliable.) In 
making the comparisons between two 
tanks, two methods were used for giv- 
ing consideration to differences in the 
average D.O. of the mixed liquor, as 
follows 


4 
(TANK OUT TO CHANGE SLATES PASSED THROAG FIN | 
MAF AS, TYRE PPR LINE FALTER. 
7 
maar © TEST RATE, 2G CFI FER PAVE | 
4 TED 4085 FAR THROTTLING 
be 
\ 


(Cont'd). 


Adjustments were approximated 
in the relative air requirements on 
the basis of the average undersatura- 
tions of dissolved oxygen. For ex- 
ample, during May 1946, tank A-8 had 
an average air rate of 10,400 e.f.m. and 
an average oxygen undersaturation in 
the mixed liquor of 7.8 p.p.m., whereas 
in tank A-4 the corresponding figures 
were 10,000 ¢.f.m. and 7.4 p.p.m. The 
relative quantity of air required in A-8 
to produce the same dissolved oxygen 
as in A-4 was computed 


10,400 /10,000 * 7.8/7.4 100 = 
110 per cent. 
The second method was to aver- 
age for the period of comparison only 
the results of months in which the dis- 
solved oxygen in the two tanks was 
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TABLE IV.—Comparison of Test Results frorn Various Diffuser Systems; Relative Air 
Requirements for Equal Dissolved Oxygen in Aeration Tanks 
32.75 Ft. Wide by 15.5 Ft. Deep 


4. 


~ 


Per 


rhe results ob lifferent permeability within the range 

nethods agre vel tested of 40 to 120. This is apparent 

by comparing lines 1 with 2 and 3, 

and 5 with 6 |Table IV For the 

same diffuser arrangement, changes in 

permeability of plates did not appear 

apr the relative air requirements 

u eee "e of any two tanks, where the plates had 


been vice about the same length 
as ah improvement in air 


TABLE V mmary of Relative Air and Power Requirements for Equal Dissolved Oxygen 
in Aeration Tanks with Various Diffuser Systerns 


211 


105 
104 


170 


porous 
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two factor +} 
subsequent on 
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Pher ippears to be no difference 
n the air economy of diffuser plates of a 
R t \ Relative Power 
pis 
2 rows porous plate 2 ‘) 115 14 115 104 
is plate 1410 15.0 124 112 124 = 
taine (to wna 2.730 1S 104 116 a 
Porous tube 2,002 13 124 112 115 
Vert te 2,720 13.0 147 132 
Slotted brass tub 1410 0 170 170 170 
Rate of { ‘ hout 12 ef per 1,000 eu. ft. of tank for 4 rows 
‘ 
i” goa wi ‘ ere ‘ 1) ley submergence 
Arbitrar t er 10M) ent for rear 
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economy of porous diffuser plates after 
prior service of about a year or more. 
This is apparent by comparing line 
7 with &, 9 with 10, 13 with 11 and 12, 
and 20 with 21. The air required for 
new porous plates appears to exceed 
that for old plates by about 10 per 
cent. It is assumed that this would 
apply to porous tubes, as well as plates, 
although there was not a_ sufficient 
period for confirmation, In subse- 
quent comparisons, porous tubes are 
given the benefit of this assumption. 


The results shown in Table [V are 
further summarized ( Table V) to show 
the air economy in relation to the char- 
acteristics of the different diffuser sys- 
tems. <Also in Table V, theoretical 
relative power requirements have been 
shown on the basis that advantage 
could be taken of lower air pressure 
due to less submeryence of the diffus- 
ers where it was different from 15.0 
ft. The significant factors indicated 
by this comparison are as follows: 


1. Air economy improved — with 
vreater numbers of diffusers. The re- 
lation appears to be about as follows: 


Relative Air 


Rows of Plate Requirement 
Plates Ratio % 

4 1:10 100 

2 1:20 104 

1:40 112 


This becomes the most important fac- 
tor in a design comparison to deter- 
mine the economical number of diffus- 
ers to be used. 

2. Porous tube diffusers probably 
would have about the same air econ- 
omy as a like number of horizontal 
porous plates if operated at the same 
submergence. The possible power sav- 
ing of reduced submergence is offset 
by the greater quantity of air required. 
3. Vertical porous plates show less 
air economy than plates in horizontal 
position. 

4. Slotted tube diffusers are consid- 
erably inferior to porous diffusers in 
air economy, 
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Analysis of Data for Relative 
Clogging Rate 


The net pressure loss through the 
diffusers for each half of each test tank 
and for each set of diffusers in the 
respective tanks was plotted against 
the total amount of air passed per 
diffuser. This complete graphical sum- 
mary is given in Figure 1, together 
with notes on conditions affecting pres- 
sure losses. A study of these curves 
makes it possible to identify and ap- 
proximately evaluate some of the fae- 
tors affecting diffuser clogging. 


Effect of Air Rate 


In Figure 2 the pressure losses for 
the effluent halves of tanks A-6. A-4, 
and A-S have been plotted in two dif- 
ferent ways. Figure 2a shows pres- 
sure losses plotted in relation to actual 
time ; Figure 2b, in relation to the total 
amount of air passed, as in Figure 1. 
The three curves in each case represent 
the rates of clogging for the same make 
of 80-permeability porous diffuser 
plates operated concurrently at aver- 
age rates of approximately 2, 4, and 8 
¢.f.m. per diffuser plate, respectively, 

The data for the 2-c.f.m. rate, tank 
A-6, are somewhat unsatisfactory be- 
cause it was discovered that sludge had 
accidently been allowed to get under 
the plates through open drain plugs, 
probably increasing pressure losses, 
Pressure losses in tank A-4, 4-¢.f.m. 
rate, would be expected to run some- 
what higher than in A-& because losses 
were generally higher near the influent 
end of the battery, as discussed later. 
In tank A-8, plates were replaced after 
pressure losses exceeded the operating 
range; in A-4, plates were replaced 
during a replacement contract because 
it was considered desirable at the time 
to avoid loss of treating capacity at a 
later critical period; and in A-6, the 
plates are still in operation. 

Comparison of Figures 2a and 2b 
makes it apparent that time in itself 
has little if any effect on the clogging 
of diffusers; but that the total amount 
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| 
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|} wes | 
Note 
Figures in circles show average 
| | operoting rate in cu. ft per minute 
: ® | per diffuser plate.Curves from 
2) | Fig.l, Tanks A4, AG ond All 
diffuser plates 8O permeability. 
¢ | In Tank A-6, sludge oceen folly 
x 2 | got under plates early in test 
/ 2 ; 4 4 é 
Total Air Passed per Diffuser -Million Cu ft F 
(b) PRESSURE LOSS VS. AIR PASSED ; 
FIGURE 2.—Effect of air rate on clogging rate of porous diffusers. 
if air passed per diffuser, regardless by the length of time in service. There é 
f rate, gives a consistent measure of are indications that this may be 
the diffuser lift Another comparison further extended to the total amount 
would be New York’s Bowery Bay of dust in the air passed, where clog 
plant, where the diffuser plates have ging is due primarily to this cause, but A 
passed about 13,000,000 en. ft. of air in data are still meager on this point ; 
7 years of service at a rate of 3.5 ¢.f.m , 
of Dust ir 
waist Cl avo'’s North Side plant, Di n Au 
where the diffuser plates, after about The importance of adequate air fil- 
21 years of service, have passed 11] tering is illustrated by Figure 3, show 
000.000 eu. ft. of air at a rate of 1 ing the pressure loss curves for tank ‘ 
fim A-2, in which the air supply to the : 
It was concluded that, other econdi- influent half of the tank was given 
tions being the same, the lfe of a secondary filtering by means of pipe- 
porous diffuser before clogging to its line filters, whereas the effluent oper 
permissible limit is determined by the ated on the general plant air supply j 
total amount of air passed, rather than with onl scous filters until Novem i 
O Approx, dust in air to diffusers, in mg. per pee: 
1,000 cu. ft. of air. 
| 
4 
/ 2 3 4 45 6 ” 3 é 
fur Poe per Dif? aer- an Cu FF 
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~Effect of dust in air on clogging rate of porous diffusers (Curves from 
Figure 1, tank A-2, 40-permeability porous plates) 
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ber, 1947. The diffusers for both 
halves were 40-permeability porous 
plates operated at about 4.¢.f.m. Dust 
determinations, made by the Trostel 
and Frevert (2) method with modifica- 
tions by A. J. Beck, showed an average 
of approximately 2.5 milligrams per 
1,000 eu. ft. of air to the effluent half 
and 0.5 mg. or less to the influent. 

Plates operating on the 0.5-mg. air 
have already operated five times as 
long as the plates operating on 2.5-mg. 
air. Results from tank A-3 (porous 
tubes on swing diffusers), with the 
same secondary filtering on the influ- 
ent half, show similar results. 

The tests indicate that porous dif- 
fusers act as air filters and become 
clogged by the dust removed from the 
air. It is probable that the life of a 
porous diffuser, other conditions being 
the same, is inversely proportional to 
the amount of dust in the air. 


Effect of Permeability 


The pronounced effect of the perme- 
ability rating on the clogging rate of 
porous diffusers is shown by Figure 4. 
The pressure-loss curves for 40- and 
80-permeability plates operated con- 
secutively in vertical position in tank 
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A-7 are shown in Figure 4a. That 
is, after the 40-permeability plates 
clogged, they were replaced by 80-per- 
meability plates 

In Figure 4b, the  pressure-loss 
curves for the effluent halves of tanks 
are compared. The 65-permeability 
porous tubes operated on the swing 
diffusers had a pore size approximately 
equal to the 40-permeability plates due 
to the difference in thickness of the 
porous media; but showed somewhat 
faster clogging rate than the 40-perme- 
ability plates. The two curves for 40- 
permeability plates represent the first 
and second consecutive sets of plates 
in tank A-2. The curves for 80-per- 
meability plates are for tanks <A-1, 
A-4, A-6, and A-&. The curve for 120- 
permeability plates, tank A-S, Is not 
comparable because it represents op- 
eration after electronic filters had been 
installed on the plant air supply, re- 
ducing the dust content to about 1.0 
mg. per 1,000 eu. ft. All the other 
curves are for operation on air averag- 
ing about 2.5 me. per 1,000 eu. ft. 

From an inspection of the curves, it 
is apparent that the 40-permeability 
plates clogged approximately twice as 
fast as the S80-permeability plates, and 


Voles 
4 
=" Figures rclee show permeability 
s4-perm tube equal bo 40 -per 
Ry effiuent halves. Ali corvas show eftlvent halves of faoks 
plates replaced ¢04 tram Fig 
curves represent operation on dirty 
2 3 4 ar of about £6 mo per 1000 ercep! 
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FIGURE 4.—-Effect of permeability on clogging rate of porous diffusers. 
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it appears likely that the 120-perme 
ability would show a proportional im 
provement It is probable that, othe: 
conditions being the same, the clog 
ging rate of porous diffusers is in 
versely proportional to the permeabil 
ity rating 

It should be noted that the decrease 
in elogging rate with increased pore 
size did not apply to the slotted diffus 
ers. These brass tubes with 0.04-in 
slots clogged about as rapidly as 80 
permeability porous plates. Also, in a 
previous trial of perforated clay plates 
with 0.027-in holes, the clogging rate 
was at least as rapid as 40-permeabil 


ity plates 


Effect oft Lor ation 


The pressure loss curves (Figure 1 
for all the test tanks which. operated 
on the same quality air show faster 
‘logging in the influent half. There are 
insufficient data to indicate whether 
there is a gradual change in clogging 
rate throughout the length of the tank 
or a fairly definite change at some 
point in the length. Although the 
‘ause is not known, it could be one or 
a combination of effects such as fine 
silt, precipitate from the sewage, o1 
organic growths However, the fact 
that clean air in the influent half of 
tanks A-2 and A-3 inereased the dif 
fuser life to several times that of the 
effluent half of these tanks casts doubt 


on the importance of any surface clog 


ving effects Regardless of the cause 
the diffusers in the effluent half of the 
tanks would give 10 to 30° per cent 


more service before reaching the sam 
pressure loss 

There was also a definite increase 
in the diffuser losses in tanks near the 
influent end of the batters Both the 
mixed liquor and the air supply feed 
from the tank A-1 end, A-& being the 
last. With the same make SO-perme 
ability plates and the same average 
operating rate, the diffusers 
showed a life some 50 per cent longer 


than in A-1. This could be explained 


by cleaner air to A-8 resulting from 
dust particles adhering to the inside of 
the large air mains in the operating 
gallery It was computed that the 
amount of dust removed by a deposit 
of only 0.0003-in. thickness per year 
could account for the difference in 


clogging rate 
Effect of Organic Growths 


A fungus growth appears be 
present on the surface of operating 
diffusers at the Southwest plant at all 
times. The amount of this growth in- 
creases with warmer sewage and is 
heaviest at the influent ends of tanks 
Hlowever, it has had little effect on 
pressure losses, except in the summer 
of 1944 just prior to the major com- 
parative tests. At that time, the of- 
fending growth was identified as Sap 
roleqnia, a water mold fungus. The 
source of the funzus was not found 


Incomplete Comparative Tests 


As noted in Table 1 and Figure 1, 
some of the diffuser systems have not 
reached the limit on clogging Two of 
the recently installed modifications 
have not operated long enough to af 
ford reliable data on either air econ 
omy or clogging, although some indi 
eations to date on the latter are worth 


noting 


‘**Precision’’ 


In tank A-3. with swing diffusers 


the porous tubes were replaced by 


‘precision tubes in March, 1949 
Data through December, 1949, indicate 
air economy about equal to Porous 
diffuser tubes llowever. their clog- 


ving rate appears to be several times 


faster than porous tubes 
Porous Tubes at 1 ft Nubme rgence 


In tank A-5, porous tubes were in 
stalled in place of the slotted diffusers 
at 15-ft. submergence January 
1949 These tubes were rem ved from 


tank A-3 (swing diffusers) and acid 
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FIGURE 5.—Air diffuser system of bat- 
tery C before placing mortar under holders 
and over pipe headers. 


Due to 
the stationary pipe 
A-5, half of the tubes were 
set parallel to the tank wall by medns 
of pipe fittings. Data through Decem- 
ber, 1949, indicate air economy about 
equal to a like number of porous plates 
at the same submergence. 


cleaned before placing in A-5. 
the 
headers in 


location of 


4 


Application of Results 


The object of the diffuser testing by 
the Sanitary District was to obtain 
reliable data as a basis for its design. 


of the tank wall. 
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The results have been applied to the 
design of the diffuser system for Bat- 
tery C at the West-Scuthwest sewage 
treatment works, placed in operation 
in December, 1949. "his addition to 
the plant has a capacity of 300 m.g.d., 
raising the plant total to 900-m.g.d. 
average flow. The salient points of 
this design, adopted after economic 
studies based on the test results to 
determine the lowest total annual cost, 
are as follows: 


1. An entirely new air filtering sys- 
tem is being installed for the entire 
plant, consisting of bag filters with 
loose asbestos fiber lining for primary 
filtering, and automatic electronic fil- 
ters for secondary filtering. This is 
expected to reduce the unusually dirty 
raw air at the plant from a dust con- 
tent of about 9.0 mg. to less than 0.5 
mg. per 1,000 cu. ft. 

2. The diffusers are 80-permeability 
porous plates, except that one of the 
8 tanks is being equipped with 120- 
permeability plates. This was done 
because of the demonstrated merit of 
the 80's for this plant, and to check 
further the more favorable indications 
for 120’s. 

3. The diffuser plates are cemented 
into 6-plate precast concrete holders 


FIGURE 6.—Air diffuser system of battery C with holders bedded in mortar and pipe 
header covered with mortar finished to make a smooth slope joining into the bottom fillet 
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During the past several years, litera- 

ture on the subject of air diffusion for 
activated sludge has appeared in most 
of the publications concerned with 
sanitary engineering. The informa- 
tion is voluminous and is cluttered 
with papers, advertising, and editorial 
comment slanted, perhaps  uncon- 
sciously, towards the wishful thinking 
of the authors. Perhaps the writer, 
also, may have been guilty of this 
charge 

The old ideas persist along with the 
new observations; they form the basis 

often unconsciously—for many of 
the conclusions that are drawn. 

Not many years ago a superintend- 
ent, now retired, of a well-known East- 
ern plant, introduced a method for 
improving the distribution of air in 
the activated sludge process. His new 
method was called the ‘‘hammer treat- 
ment,’’ and consisted of the proper 
application of a hammer to the top 
center of a square air diffuser plate 
The neat crack resulting from the 
hammer blow allowed the free passage 
of air into the starved mixed liquor, 
completely restoring it to life and vi- 
tality. That an abundant air supply 
is essential for the growth and oxidiz- 
ing capacity of activated sludge is un- 
questioned; it was the method of al- 
lowing the air free passage around the 
installed diffusers that was nonsense. 
If this illustration seems extreme and 
not apropos of the subject under dis- 
cussion, it should be recalled that a 
number of plants are using perforated 
pipes to alleviate clogged diffuser 
media. 

An examination of more recent work 
appearing in the Sewage Works Jour- 
nal should be helpful in demonstrat- 
ing how the feelings of authors, not 
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facts, may cloud the issues of seience. 

As an example, the following  state- 
ment appeared as the only supporting 
evidence for sweeping claims to pro- 
mote the use of certain equipment: 
** Actual tests on a plant scale are diffi- 
cult to evaluate numerically because of 
inequality factors, but they have gen- 
erally corroborated laboratory results 
and proved the expected operating 
advantages.’’ In the absence of any 
pertinent technical data even the most 
naive should realize the unsupported 
nature of the article. It is unneces- 
sary to consider a semantic analysis of 
the phrase ‘‘expected operating ad- 
vantages.’’ 

It is indeed refreshing to find, as in 
Mr. Anderson's paper, a well docu- 
mented presentation of the subject of 
air diffusion and to receive excellent 
reports containing valuable data that 
have added materially to the knowl- 
edge of the subject. 

The vast amount of work that was 
necessary in order to carry out this 
study is impressive. Very few organi- 
zations have the wisdom, not to men- 
tion, manpower, facilities, and money 
to produce a finished treatise on this 
important subject. It is predicted 
that the savings in cost of air diffusion 
as it relates to the Chicago problem 
will ‘‘pay off’’ many times over for 
the investment made in the purchase 
and testing of all well-known types of 
air diffusion equipment by The Sani- 
tary District of Chicago. Experience 
in Cleveland in developing mainte- 
nance procedure and trying to operate 
large-scale units on a pilot plant basis 
makes for appreciation of the tre- 
mendous amount of work that was 
necessary, and also the limitations of 
that work. 
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Relative Clogging Rate 


The paper states, ~* It was concluded 
same, 
before 


that. other conditions being the 


the life of a porous diffuser 


clogging to its permissible limit is de 


termined by the total amount of air 
From other Mr 
Anderson recognizes the possibility of 
for- 


tunately is not a problem at the South 


passed PS reports, 


serious surface clogging, which 
west works 

The history of air diffusion at Cleve- 
land definitely proves that the surface 
clogging is a major factor. Only 3, 
500.000 to 4,000,000 cu. ft. of air per 
plate can be passed before the head 


loss becomes excessive Analysis of 
the air after two stages of filtering in 
dicates a dust content of less than 1.0 
1.000 eu. ft the 


a porous diffuser before clog 


mg. per Therefore, 
life of 
ging to its permissible limit, related to 
determined merely 


Cleveland, 1s not 


by the total amount of air passed. It 
the total 


air passed and some factor represent 


is determined by amount of 


ing the difference in mixed liquor con 
fent between Cleveland’s analysis and 
Chicago's analysis. Experiment will 
the 
heavy metal content are the source o 
short life 

tests at 


and 


determine if excessive iron 


Cleveland's diffuser 
Qualitative 
Cleveland's Easterly 


comparative 
plant on a com 
and metal diffusion 


bination plastic 


tube indicate a higher rate of clogging 
than for plates used in the same aera 
t tank 
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Chief Engineer, Construction Division, 
briefly stated, the pollution prob 
lems of the Massachusetts Metropolitan 
District have arisen principally from 
two general causes or conditions—the 
discharge into Boston Harbor of raw 
sewage from a population of 2,000,000, 
and the overflow into tributary basins 
of mixed sewage aud storm water from 
overtaxed sewers. The sewage pollu- 
tion of the harbor itself is from three 
main sources: the outfall of the Boston 
Main Drainage System, where prior to 
the organization of the Metropolitan 
District with its two sewerage systems, 
the City of Boston commenced in 1884 
to discharge its sewage on the outgoing 
tide off the shore of Moon Island; the 
outfall of the South Metropolitan Sew- 
erage System at Nut Island; and the 
outfall of the North Metropolitan Sew- 
System at Deer Island. 


erage 


Harbor and Tributary Pollution 


The three main sewage outlets re- 
lease into Boston Harbor an average of 
275 m.g.d., with low-flow discharge of 
about 150 m.g.d. and peak discharge of 
nearly 700 m.g.d. The 275-m.g.d. flow 
is divided roughly about 75 off Moon 
Island, 100 off Nut Island, and 100 off 
Deer Island. 

In addition, a temporary station on 
the North Metropolitan System pumps 
an average of 20 to 25 m.g.d. into Chel- 
sea Creek, an estuary tributary to the 
This 
if thoroughly mixed with 
the water entering and leaving the har- 


inner harbor. average sewage 


discharge, 


Presented at 
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ropolitan District 


Commission, Boston, Mass. 


bor between tides, 
about 550 times 


would be diluted 
Based on expected 


capacities, the ultimate peak dis- 
charges will be inereased to about 


1,100 m.g.d., divided into 200 off Moon 
Island, 350 off Nut Island, and 550 off 
Deer Island 


Legislative Investigations 


The matter of the pollution of Bos- 
ton Harbor and its tributary streams 
has been under investigation by the 
State Department of Publie Health 
and by the General Court (Legisla- 
ture) for many years. In June, 1939, 
a special legislative commission made 
detailed investigations of the problem. 
The present clean-up program was 
recommended in the report of this 
special commission. 

The General Court took steps to put 
these recommendations into effeet by 
legislation that took final shape in 
Chapter 720 of the Acts of 1941, which 
named five projects to be carried out 
by the former Metropolitan District 
Water Supply Commission as enlarged 
for the purpose of this sewerage con- 
struction, which Commission — later 
(July 1, 1947) became the Construe- 
tion Division of the Metropolitan Dis- 
trict The  eonsulting 
engineers of the special commission 
continued their studies and made their 
final report January 1, 1941. The five 
projects then named by the Legislature 
were as follows: 


(Commission. 


Nut 


1. Sewage treatment plant at 
Island 
2. Extension of North Metropolitan 
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relief from new East Boston 
pumping station to Deer Island 
3. Alewife Brook 
conduit and pumping station. 
Charles 
conduit and pumping 


5. North C 
nd 


sewer 


storm overflow 


South storm overflow 


station 


harles storm over 


‘conduit & station 


pumping 


General Plan for Sludge Disposal 


studying the requirements of 


After 


a sewa treatment plant at Nut Is 
land, the Commission’s engineering or 
ranization coneluded that the most 
practicable and probably the most eco 


of the 


nomi il mie thod disposing ot 
shudve from any and all future treat 
ment plants around Boston Harbor 


discharge digested sludge 


outfall pipes TI e 
for rejecting the 
plan of barging raw sli 


through deep-sea 
principal reasons 


lore 


alternate 
to sea were its lack of dependability 
ipment being subject to weather 
and the 


operating 


the eq 
high main 


olved 


and other hazards, 


Costs 


tenance and 


in such marine operations 

Beeause of the reduction in volume, 
the outfall lines required for digested 
sludge are surprisingly small. The 
over-all plan as developed for present 
and future sludge disposal conten 


plates the discharge from all treatment 


works into a most desirable loeation 
n the deepest outlet from the inner 
harbo President Roads, which is 
about 60 ft. deep at low tide and rv 

mote fron ill the more important 
recreational beaches. The only sludge 
outfalls required are a 12-in. subma 
rine pipe across the harbor from the 
Nut Island site to a junetion at the 
south end of Long Island with a 10 
in. line from the Calf Pasture site, and 
an extension from this Junction point 
along the shore of Long Island to deep 
water on the south shore of President 
Roads This will take care of the 
plants on the South Met opolita anal 
Boston Main Drainage Systems. For 
the North Metropolitan System no sep 
arate outfall for digested sludge will 
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be required, as that main effluent out- 
fall is already very favorably situated 


on the north side of President Roads 
and it will be necessary only to add 
the ligested sludge to the plant efflu- 


al 


ent 


Enlargement of Projects 


As the result 
the 


zation, 


of detailed studies by 
Commission’s engineering organi- 


not only were changes made in 


the preliminary designs, in collabora- 


tion with the consulting engineers, but 
t comprehensive over-all plan was pro 
major changes in 
$ in the interest of 


and future economy 


posed involving 
Projects 3, and 
over-all 


The 


lowing 


present 
of this is shown in the fol 
the 
projects and their estimated costs. 


result 
enlarged 


Or 


restatement 


Sewn treatment plant at Nut 
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t ept " 
2.000 000 
4 South Cha 
! t 
t 6.735.000 
Int tor along N ( a 1 200.000 
I ta 4a 
it 
I snd 
100 000 
i ( s R r Dar t 
$40,000,000 


sums have been 
recent act of the 
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( ‘hapte r 6 


1949. The legislation, in spite of the 
over-all authorization, placed restrie- 
tions on the actual construction by lim 
ting the annual expenditure 


to October, 1949 


jects has been as follows 


on the 


The existing works at Nut Island are 
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in. outfall pipes, emptying about 6,000 
ft. from the shore. A third 60-in. pipe 
discharging only 1,400 ft. offshore is 
available at times of high flow. The 
existing plant consists of a single 
building where the larger solids are 
removed by manually cleaned racks of 
the cage-elevator type, the removal 
being rather ineffeetive. The existing 
rack house is on what was originally 
an island about 4% mile offshore. 

In creating the site for the new plant 
about 250,000 eu. yd. of sand and 
vravel were hauled to the site from 
borrow pits, supplemented by about 
75,000 cu. yd. of excavation at the site. 
All the foundation work for the main 
plant has been completed, including all 
underground tanks and other such 
structures 

The 12-in. digested sludge outfall 
pipe to deep tidewater has been com- 
pleted. The Long Island shore portion 
was laid with mechanical joints, the 
submarine pipe being laid with Vie- 
taulic joints. The trench was first ex- 
cavated by grab bucket, the material 
being removed in seows. The bottom 
of the trench was then graded by lay- 
ing a long steel H-beam on the bottom 
while the diver used a water jet to 
sluice the material to grade. 

Six lengths of pipe (72 ft.) were as- 
sembled on the barge deck and slung 
under a strong-back constructed of 
two 6 6 angles 64 ft. long 
with supports 12 ft. apart. The 
strong-back was equipped with adjust- 
able wooden saddles to hold the pipe 
to a straight alignment, or to any pre- 
determined horizontal curvature. To 
make the underwater joint, a_ col- 
lapsible steel cone projecting about 8 
in. from the end of the assembly on the 
barge was expanded to hold it firmly 
inside the pipe, with a trigger arrange- 
ment permitting it to be inserted in 
place after the strong-back was low- 
ered to final position, and collapsed and 
removed by the diver pulling on a 
cable threaded through the entire 
length of the pipe assembly. 


The contract for submarine work 
included the placing of diffusers over 
the outlets of the two existing main 
60-in. outfall pipes, which now dis- 
charge the raw sewage about 6,000 ft. 
offshore, and which will be used to dis- 
charge the clarified effluent from the 
sedimentation tanks. The construe- 
tion of these diffusers is covered more 
fully hereinafter in connection with 
the description of the various details of 
design of the Nut Island treatment 
works. 

Practically all equipment for the 
Nut Island plant was purchased at an 
early date and now stored in tempo 
rary buildings at the site, for fear that 
late deliveries might hold up comple 
tion. Some $4,700,000 of the esti- 
mated $6,750,000 worth of work in this 
project has been completed or is in 
process of construction. 


Project 2 


At present, sewage of the North 
Metropolitan District is carried to 
Deer Island through the original sewer 
by pumping at East Boston. In 1941 
the old trunk sewer from Reading to 
East Boston was supplemented by a 
much needed relief sewer. This was 
extended as far south as Chelsea 
Creek, where a siphon of 3 parallel 60- 
in. pipes was built under the Creek to 
East Boston. The need for extending 
this relief sewer to Deer Island has 
been an urgent one for many years. 

The original plan for extending the 
sewer to Deer Island included the use 
of the two pipe siphons under Chelsea 
Creek. The present comprehensive 
plan for relief of the South Metropoli- 
tan by tunneling all the way through 
from Charles River Dam leaves no 
economic justification of retaining the 
siphon for this purpose. Accordingly, 
a contract is being prepared for sink 
ing the tunnel shaft on the Chelsea 
side of the Creek. How this fits into 
the comprehensive plan is described in 
greater detail under Projects 4 and 5. 

At the Deer Island end of the tun- 
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nel the location of the shaft is still un 
determined because of the possibility 
of acquiring real estate from the Fed 
eral Government. Although the ex 
tension of the relief sewer involves 
only the necessary additional pumping 
requirements at the Deer Island end 
these must be coordinated with the er 
tire plan for a sewage treatment plant 
Hence, the location and 
the details of design of the structures 
at the Deer Island end of the tunnel 
must wait until the major features of 


at this point 


the entire sewage treatment plant are 
Neverthe 


less, a start can soon be made by con 


satisfactorily determined 


structing the tunnel shaft at Chelsea 
Creek. Soon thereafter it should be 
possible to proceed with the shafts at 
the Charles River Dam and Deer Is 
land. so that there will be no delays in 
the tunnel construction to connect 
them 

Preliminary plans for the Deer Is 
land sewage treatment plant are based 
on a design rate of about 145 m.g.d., 
with a maximum capacity of 350 m.g.d 
Flows in excess of this up to the over 
all maximum pumping capacity of 535 
m.g.d. will be by-passed directly to the 
outfalls The existing outfall is an 
excellent one with 14 multiple outlets 
in the last 115 ft., at from 32 to 45 ft 
below low tide. This outlet will carry 
all the effluent under ordinary condi 
tions, having a capacity of between 
160 m.a.d. at high tide and 250 m.g.d 
There is also an old of 
shore outlet, well located at the tip of 


the isl ind. that eould be put back nto 


service if desired to add about 60 
m.g.d. to the capacity at high tid \ 
new offshore outlet will have to be 
provided It will be so designed, 
however, that nothing but the plant 
fluent will pass through it and the 


entire 185 m.g.d. of mixed sewage and 
storm water that must by-pass. the 


treatment plant at the peak pumping 


capacity W pass through the old out 
falls, including the excellently situ- 
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Project 

The existing Alewife Brook conduit 
eonsists of one 30-in. and one 15-in. 
branch from the Belmont line and one 
18-in. branch from a point near Fresh 
Pond. These join in a 23 X 33-in 
sewer that increases in size to 35 X 42 
in. as it follows down the stream to a 
pumping station, which pumps through 
a 36 x 43-in. force main into the al- 
ready overtaxed North Metropolitan 
sewer. The connections it has been 
necessary to make in working out the 
design of the new line, which was 
originally intended to serve as a storm 
overflow sewer, are such that to all in- 
tents and purposes the new line is 
merely a supplementary sanitary sewer 
of substantially increased capacity so 
that when the North Metropolitan re- 
lief sewer is extended as planned to 
Deer Island, the storm overflows will 
be reduced substantially. In all im- 
portant features the construction fol- 
lans of the consulting engi- 
were based on a dilution 

Here, as in the case of 


lows the pli 
neers, which 
factor of 10 
Project 1, the actual construction has 
progressed somewhat slowly on account 
of the limits set in the appropriation 
of funds. About 10,000 ft. of a total 
of 18,000 ft. of pipeline have been 
constructed. The remainder is under 
construction and the equipment has 
been purchased for a new pumping 
station, which will be built in the rear 
of the present pumping station with- 


out interruption in its operation 

The completed line will start near 
Fresh Pond with a 48-in. diameter pre- 
east reinforced concrete pipe. The 
connecting branch from the Belmont 
Below the 
junction, the new line is 66 in. in diam- 
eter to its connection with the North 
Metropolitan relief sewer. The new 


line is of 36-in. diameter 


pumping station is designed so that at 
1 times about 12 m.g.d. of the inflow 
is pumped separately through the old 
force main to the North Metropolitan 
sewer. The remainder, up to about 
35 m.g.d., may pass through the sta- 
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tion by gravity, necessitating a sur- 
charge on the line upstream. When 
the total flow exceeds 47 m.g.d. the en- 
tire amount will be pumped, 12 m.g.d. 
to maintain the flow in the old force 
main and the remainder through the 
new Alewife Brook conduit to the 
North Metropolitan relief sewer. In 
this way the high rates of flow will be 
automatically pumped by the 3 vari- 
able-speed units so as to prevent over- 
flows into the brook. The station will 
be automatic. 


Proj: ct 4 
The existing Charles River sewer 
starts at the Waltham line, 42 * 48 


in. in size, and extends along the south 
bank of the Charles to the Ward Street 
pumping station, inereasing in size en 
route to 72x78 in. The first pro- 
posal of the consulting engineers was 
to reinforee this with a sewer extend- 
ing all the way from the upper end 
and continuing along the Charles 
River Basin to tidewater below the 
Charles River Dam, involving a large 
booster pumping station en route, and 
also included an additional line south 
to the Ward Street pumping station; 
increasing the capacity in the Ward 
Street station; and adding a new force 
main to the high level South Metro- 
politan Subsequently, they 
also proposed that instead of reinfore- 
ing the line to and through the Ward 
Street pumping station it would be 
better to provide a future connection 
to divert excess flows from the South 
Metropolitan to the North Metropoli- 
tan sewer at East Boston and thence 
to Deer Island. In fitting Project 4 
into the comprehensive plan as now de- 
signed, such a diversion to the North 
Metropolitan will be made by con- 
structing a submarine conduit serving 
both sides of the basin and discharging 
into a shaft at the Charles River Dam, 
thus avoiding the necessity of an ex- 
pensive new line along the south shore 
to the Charles River Dam and elimi- 
nating also the Berkeley Street pump- 


sewer. 
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ing station. Further studies also indi- 
eated the possibility of a complete 
diversion of the old Charles River 
Valley sewer and of all sewage now 
discharged through Ward Street pump- 
ing station so as to eliminate also the 
operation of that station. 
Project 5 

The existing Cambridge sewer starts 
from the Belmont line and extends 
along the north bank of the Charles 
River to a pumping station at the 
Mystie River bridge. The plan as 
originally proposed by the consulting 
engineers included a supplementary 
sewer along the north bank of the 
basin to a new pumping station, and 
would discharge below the Charles 
River Dam. Subsequent studies have 
indicated that overflows from the Cam- 
bridge marginal conduit into the lower 
end of the basin can be satisfactorily 
controlled with the existing works. 
Accordingly, in adapting Project 5 to 
the comprehensive sewerage plan the 
expense of a new conduit along the 
north side of the lower basin and a 
new pumping station has been elimi- 
nated. The makes a_ practi- 
cally complete diversion into the new 
works from the old Cambridge sewer, 
not only effectively lowering the gradi- 
ent to prevent overflows into the basin, 
but also providing much needed relief 
of the old pumping station under the 
Mystie River bridge. 


design 


Comprehensive Sewerage Plan Com- 
bining Projects 2, 4, and 5 


The plan as now proposed calls for 
laying a conduit about 10 ft. 9 in. in 
diameter, starting on the south side of 
the Charles River Basin at the june- 
tion of the new South Charles conduit 
and the diversion from the Ward 
Street pumping station, thence extend- 
ing across the basin about 950 ft. to 
the Cambridge connection and about 
10,450 ft. along the north side of the 
basin under Harvard and Longfellow 
bridges and across the lower end of the 
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$82 
the south side to the 
‘connection for overflows from the Kos 
At this point 
provision will be made to divert con 


basin again to 


ton marginal conduit 
tinuously from the conduit to the new 
‘*foul flow,’’ as well as 
overflows at high 
feet farther on 

pumping station will be 
at the top of the shaft intake 
At this point 
neludes, in addition to the 


works the low 


to take the storm 


hundred 


rock tunnel 


pumps, the 


| purpose of which is de 


‘ribed below, a grit removal and 


for the 
before entrance 


removal of 
the 


ing plant 
‘avy solids into 
From this point a 10-ft. diam 
tunnel will extend 13,600 ft. to 
join the North Metropolitan at Chel 
Creek at the of the shaft 
located north of the creek, where sim) 


tunnel 
eter! 


bottom 


sea 
comminuting, and 
installed to 
the North 
Metropolitan discharge into the shaft 


lar grit removing, 


screening works will be 


remove heavy solids from 
From this junction point gravity flow 
will continue by tunnel 12 ft. in diam 
eter and 23,000 ft. long to an uptake 
shaft at Deer Island, at the site of the 
Llowever, 


treatment works 
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the sewage must be lifted about 50 ft. 
at this point to meet the grade of such 
future treatment plant and must in 
any event, even before such treatment, 
be similarly lifted to into 
the existing outfall supplemented by 
an additional outfall of even 
Also, the sewage 
discharged through the old North 
Metropolitan sewer at Deer Island 
must continue to be pumped to corre 


discharge 


greater 


capacity already 


sponding grades 
Under this comprehensive plan all 
that is, those 


cent of the 


low flows oceurring 
will be 
discharged by vravity fi North 
Metropolitan relief and the 
South Charles and North Charles con 
the Deer Island, 
the will be done 
Under conditions of heavy storm over 
that 1s, wetter 10 
per cent of the time—the over-all ca 


about 90 per time 
om the 


sewer 


duits all 
where all 


way to 
pumping 
flows in about the 
gravity flow will remain con 
little by little 
requiring and 


pacity fon 


stant and will be ex 


ceeded, more more use 


of the emergency pumping station at 
the Charles River Dam 


tinue until the total designed capacity 


‘I his will eon 


f the combined works is reached, at 


FIGURE 1.—General view of Nut Island sewage treatment plant. 
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which time (only a fraction of a per mum flows are based on the dilution 
cent of the total time) there will be no factors recommended by the consult- 
flow from the South to the North ng engineers, including the factor of 
Metropolitan, as the entire capacity 3 for discharge into the inner end of 
of the tunnel to Deer Island will be the harbor, except that both for rea- 
needed for the North Metropolitan sons of economy and to maintain suffi 
relief; and the entire South Metro ‘ently high velocities in the tunnels 
politan relief will be pumped to tide a smaller total quantity is carried all 
water at the emergency pumping the way through to Deer Island and a 
station at Charles River Dam. Under greater quantity discharged into the 
this comprehensive plan, no additional nner harbor below the Charles River 
maximum capacity has to be provided Dam under peak flow conditions 


in the works constructed under Project 
9 North Metropolitan, but this capac Nut Island Treatment Plant 


~ 

itv is taken advantage of by the South The sewage treatment plant now 
Metropolitan under all ordinary con under construction at Nut Island (see 
ditions of the lower flows. The maxi Figure 1) has many interesting fea 


TABLE I. -Design Data for Nut Island Sewage Treatment Plant 


4 
Sewage flow (m.g.d 70 112 300: 
nal hourly minimum (m.g.d 
Population served 700.000 GO) O00 900 000 
Susp led solids? 140.000 140.000 180.000 180.000 
{ t ‘ 
N ‘ 2 3 3 ; 6 
Ve t im. (ft. O85 OSS 
Ve tv. maAX n /se Oso O08 104 
Rats ‘ n (m.g.d 17.5 15 18.7 25 
eT neration* i) ‘) 0 35 
imum (ft 1.6 ] xv x 4 
Pump lift, max im (ft 8.0 ‘4 4 VE 11.3 
(eration channel detention® (min 32 2) 24 20 75 
Sedimentation approach vel. (ft. /s« 1.25 1.46 1.7 20 54 
Sedimentation, detention? (min 14] 110 105 SS 33 
Raw viwe g.p.d 215.000 255.000 191,000) 213,000 
j lig. sludge } inv 7.000 67 500 51.000 56.500 
Digested gpd S000 100.000 75.000 §2 500 
(jas product 1. ft. ‘day 25.000 675.000 525.000 675.000 
' Could be 350 under extreme condit 
At 0.2 lb. per day per capita 
Six provided, each 10.5 ft. wide a SO) ft g 
‘Six 36 itors, 2 following eact } channe fine racks following remaining 3 
innels 
At yd 
+} wy els 166 ft. long, plus 85-ft ha t ‘ is; all in ope t 
t tt. GOS ff ft erat 
hist it poe ent ture 
} t t HO tof t 
At O75 i pita | i 
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tures (see Figure 2). It is designed 
to remove floating solids and grease; 
to reduce the amount of suspended 
solids to the extent possible in sedimen- 
tation tanks providing about 1% hr. 
detention at the design rate, with the 
aid of 20-min. preaeration or floccula- 
tion with air; to prevent bacterial pol- 
lution of harbor and shore waters by 
chlorination of the effluent during the 
recreational season; to digest the 
sludge and discharge the innocuous 
residue through an outfall pipe to deep 
tidewater, or optionally to unwater 
and recover a small portion of the resi- 
due as low-grade fertilizing mulch; and 
to utilize the gas from digestion to 
furnish power for plant needs, includ- 
ing the necessary low-lift pumps and 
the aeration blowers. The principal 
features involved in the design are 
summarized in Table I. 


Racks, Grit Channels, and Comminu- 
tors 


The so-called medium racks, placed 
at the intake to the plant following the 
emergency spillway, have a clear open- 
ing of 14% in. between rods. These 
racks are sufficiently rugged to elimi- 
nate the necessity of any prior coarse 
rack and yet are capable of removing 
rags that might interfere with the grit 
collecting mechanism immediately fol- 
lowing. The mechanical racks are of 
the Manhattan grit-chamber type, with 
rake teeth protruding from the under- 
side and with the rods supported and 
spaced by the rakes themselves. All 
the material collected on these medium 
racks is sorted by hand to remove 
large objects not capable of comminu- 
tion. The remainder is then sluiced 
directly to the comminutors through 
by-passes around the grit channels. 
Material from each of the two racks 
can be sluiced to either one of two of 
the pairs of comminutors following 
some of the grit channels. The fine 
racks following the other grit channels 
are used only at very high flows or 
during comminutor repairs. Each of 


the fine racks is also equipped for the 
optional sluicing of rakings to one of 
two adjoining pairs of comminutors. 

This arrangement of comminutors 
and fine racks in parallel is based on 
the fact that a comminutor is capable 
of handling a greater quantity of sol- 
ids than is ordinarily fed to it in the 
normal sewage flow, and appears to be 
a most practical and effective type of 
grinder. Sewage effluent will be used 
for the sluicing of materials from both 
medium and fine racks through trash 
sluices to the comminutors. For this 
purpose a constant flow of sewage 
effluent is provided by pumping from 
the effluent conduit. 

The grit is removed by serapers of 
conventional design and elevated to a 
cross conveyor at the upstream end. 
The conveyor feeds two grit washers, 
from which the washed grit is elevated 
to an overhead hopper for loading into 
trucks. 


Low-Lift Pumps 


Four 48-in. pumps are provided, 
with a rated capacity of 83 m.g.d. at 
10.3-ft. head; one normally acts as a 
spare. They are of the mixed-flow 
type with vertical shaft and bottom 
suction. On the top of each pump are 
mounted planetary reduction gears 
with built-in magnetic coupling and 
a 200-hp., 1,200-r.p.m., 2,300-v., syn- 
chronous motor, making a_ vertical 
self-contained pumping unit. The 
magnetic drive is capable of reducing 
the speed of the pump to 60 per cent of 
normal, with eleetrie rectifier furnish- 
ing direct current for excitation. 
Each motor will be started manually 
at reduced voltage. Variations in the 
pump speed will be obtained manually 
from 0 to 100 per cent load and auto- 
matically from 60 to 100 per cent load 
by means of two potentiometers. The 
first will be operated by hand and the 
second by a float in the pump well. 
The motor will be brought up to speed 
manually and then transferred, if de 
sired, to automatie control. This con- 
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maintains the level of sewage in bays, whereas the two southerly chan- 


well at a constant elevation nels have four. Also, the two north- 
in. above and erly bays have a double deck of such 


below 1 iormal lev There are no spillway openings for use in case 1t 


valves on the suctior the pumps, desired to confine high flows entirely 


iS 


but stop-log provisions are made so to these two channels 
that any un unit ean be isolated 
rs. The only valve on Sedimentation Tanks 


‘ach pump is a light From the aeration tanks the influent 
f special design, pr eonduit extends along the west end of 

compression Springs hat the six sedimentation tanks, with a 

on a large stick or other eommon dividing wall containing two 

without damaging ie pate itak each tank, and having a 

‘ r these gates can be iso reduction of eross seetion following 
lated for r ir stop-log provis each intake for maintenance of the 
ions velocity. Each intake is designed to 
= take sewage from both the top (grease 
Venturi Meter and seum) and bottom (sludge) of the 
The influent conduit from the influent eonduit through orifices sue- 
pumps to the preaeration channels cessively increased in size, in su ‘h 
‘ontains a 120 X 60-in. Venturi meter manner as to get a satisfactorily mixed 
with inlet and throat piezometer side  drawoff and an even distribution of 


tions of special design to pre Oli to each tank There are eight 
logging with grease or sludge oint f discharze through each tank 
ach intake, and small 

Tanks lnice i ie intakes can shut off 
point where the influent cor any tank fro ‘rvice. Grease and 
ares into the four parallel are prevented from collecting in 
iannels the influent and efflu he intakes b 1 these gates by being 
ts are parallel, with a econ bled directly into the tanks over skim- 
mon dividing wall. A spillway is ming weirs. Beeause of their near- 
provide d in this wall so that at or near ness to mans residences on high land 
the 300-m_e apacity rate any pos adjacent and overlooking the site 
due to lack of eoordination the sedimentation tanks are covered. 

hetween pumps and tank The line tanks are of standard 

ad ad out The aera ‘ectangulal flow-through type, with 

are of the standard standard effluent troughs with V-notch 

vith porous tubes. Th erests, and standard sludge and scum- 

flow can be dis eraper mechanisms, except for a novel 

two most nor feature in the final collection of the 

s: and two light 1 ‘here are iree grease and 

installed in the i pumping stations at the head end 


eut off iat f edimentation tanks, each sta 


otherwise be a «de n receiving the serapings and skim- 


the flow into 1 out mings fi two adjoining tanks. The 
eature is contained in the 

of returning the seum to these 

the head of the tanks. The 

“um eross-collectors of every 

are extended across the 

intervening space between tanks so 

that all the scum from two tanks is 
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brought into one, where it is picked 
up by an additional skimming mechan- 
ism operating along the side of the tank 
and separated by a baffle plate so close 
to the concrete side wall that the 
blades of the conveyor are only 10 in. 
wide. In this way the return of the 
scum to the head end of the tank (a 
distance of 143 ft.) is accomplished at 
the tank gradient, temperature, etc., 
to the pumping station. 

The grease and scum spills over a 
manually controlled weir into a hopper 
supplying one of three pump suction 
lines, the other two being supplied 
from the hoppers into which the sludge 
is scraped from the two adjoining tanks. 
The grease hopper is 10 x 7% x 11 ft. 
deep, the clearer liquid from the bot- 
tom being continuously decanted back 
into the adjoining main trunk sewer 
approaching the plant. There is 
ample head available for this purpose 
and the decanted flow is continuously 
available for sluicing back for a see- 
ond circuit through the plant any ma- 
terial in the seum, or elsewhere, that 
may have gotten by the first time. 


Sludge and Grease Pumps and Force 
Vain 


The pumps discharge sludge, or 
vrease, or both, to the digestion tanks. 
There is a further provision by which 
the pumps ean discharge grease to a 
tank truck if it is desired to sell the 
vrease. The discharge to the diges- 
tion tanks may be through either of 
two 6-in. foree mains. 

These two lines are connected in 
such a way that they can form a con- 
tinuous cirenit for one-way travel of a 
mechanical apparatus for routine 
periodie cleaning. By suitable opera- 
tion of valves, the cleaning apparatus 
ean be stored in a by-pass off the line 
and again put into use without dis 
mantling the line. Its position in 
traveling around the ecireuit will be 
mechanically reeorded at the opera- 
tor’s desk in the main building, the 


mechanism for this reeording being 
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actuated by magnetic devices placed 
at intervals along the pipe. 


Digestion Tanks 


The sludge will be pumped to four 
110-ft. diameter digestion tanks with 
32-ft. sidewalls. Two tanks have 
fixed covers and two have floating cov- 
ers with a 14-ft. maximum operating 
range. The bottom of each tank is 
divided into four cones. Each tank 
has a full working capacity of about 
$07,000 eu. ft., or 2,300,000 gal. The 
sidewall depth of sludge is 30 ft. The 
fixed cover tanks will be used as pri- 
mary tanks and provided with recir- 
culating facilities. 


Dual-Fuel Power Plant 


The power plant consists of one S50- 
b.hp., 750-kv.a. gas engine-driven gen 
erator unit; two 820-b.hp., 750-kv.a. 
dual-fuel engine-driven generator 
units; two 213-b.hp. dual-fuel engines, 
direet connected to 5,000-¢.f.m. positive 
displacement-type blowers; all 
necessary auxiliary equipment. The 
vas engine will operate solely on 
digester gas. The dual-fuel engines 
will run on digester gas and/or oil in 
any proportions from 95 per cent gas 
and 5 per cent oil to 100 per cent oil. 
There will be no outside electric serv- 
ice connection, all power and light re- 
quired for the operation of the entire 
treatment works being generated in 
the power plant. With the exception 
of the blowers, which will be driven by 
direct-connected engines, all machinery 
will be driven by electrie motors. 

There will be no outside gas eon 
nection, any deficieney in gas being 
compensated for by the use of fuel oil 
in the dual-fuel engines and /or in the 
firing of the boilers. The gas-engine 
venerator unit will be capable of carry- 
ing the entire electrical load for better 
than 90 per cent of the time, and it is 
estimated that gas produetion at 
practically all times will be in excess 
of that required to operate that unit 
The two dual-fuel generator units will 
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be available for use at the higher loads 
and during periods of deficiency in 
gas. Together they will be able to 
operate the entire plant up to the de 
sign maximum sewage flow of 300 
vd. during the starting-up period 
there will be no gas available 
with both blowers driven by 
Ss, air up to 10.000 

ll be available at all times re- 


gardless of the gas supply 


Heating 
posed to maintain the con 

tanks at a tem 
This will be 
the hot 

from the engines throug} 
rs. The 


ligestion 
90° 


circulating 


jacket-water 

system will be 
stem, operated continuously, 
the same water will be circu 
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will be supplied in the digester control 
Water pumped but not circu- 
lated in the heat exchangers will be re- 
turned automatically to the pumps 
through an overflow pipe, thus insur- 
ing cireulation through the engines at 


nouse 


all times. 


Digested Sludge Out fall 


To dispose of the digested sludge, a 
12-in. submarine pipe was laid, in 1947 
1948, about 2% mi. northerly to 
the shore of Long Island at a point 
where provision has been made for re- 


and 


ceiving a similar digested-sludge 
braneh outfall from treatment works 
to be constructed for the Boston Main 
Works at the Calf Pasture 
From that point the outfall 
continues about 14 mi. along the shore 
of Long Island, and another 4 mi. to 
95 ft. 
the south of President 
across the channel from the existing 
Deer Island outlet of the North Metro- 
A continuous flow of 
sewage effluent at a velocity of about 


Drainage 
station. 


water about or more deep on 


sic Roads, 


politan System 


per see. will be maintained in this 
outfall by three 
fucal connected in 


parallel 


a battery of centri- 
pumps, normally 
but 


necting in 


arranged to 
for 


The sludge 


permit con- 


series any emergency 
added 

The 
sludge can be 


tides. <A 


hanieal apparatus for routine peri 
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displacement pumps. 
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outgoing 


by positive 
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‘confined to me- 
odie cleaning will be provided to pre- 
ent the walls becoming coated to any 
other 
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Effluent Outfall Diffusers 


A novel feature of the new plant in- 
volves the placing of diffusers over the 
outer ends of the two 60-in. outfall 
pipes through which the effluent from 
the sedimentation tanks is normally 
discharged. First, each concrete dome 
16 ft. 4 in. in diameter was precast, 
supported by 6 hollow steel-plate col- 
umns with bottoms shaped to fit the 
contours as determined by the diver. 
This dome was then lowered into posi- 
tion by threading over long steel rods 
previously set in holes drilled in the 
original paving around the upturned 
outlet. Then the diver placed 84 pre- 
east conerete beams 84 in. square and 
12 ft. long extending radially from the 
rim of the dome. Concrete was then 
tremied into the column supports and 
up over the inner ends of the radial 
beams. <As a result, the discharge is 
diffused to the outer edge of a grid 
about 36 ft. in diameter through 84 
wedge-shaped openings with an aggre- 
gate area about 130 times that of the 
outfall itself, 

The end of the westerly outfall was 
24 ft. and the easterly outfall 30 ft. 
below mean low tide. The tops of the 
dome caps are now 4% ft. higher and 
the average grid areas are about 25 
and 31 ft., respectively, below low tide. 
Even under present conditions, tempo- 
rarily discharging raw sewage, they 
are very effective in breaking up solids. 
After solids, and particularly the 
grease, are removed upon the comple- 
tion of the proposed plant, a consider- 
able improvement is expected as far as 
the sleek is concerned. The design per- 
mits a dragging anchor to ride over 
the top, doing little or no damage. 


Reconstruction of Old Rack House 


The present plans call for rebuild- 
ing the existing rack house into a new 
two-story building to match the other 
buildings in general appearance. This 
building will house on the first floor 
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the existing boilers, the existing oper- 
ating mechanisms for the gates at the 
head of the effluent outfall pipes, the 
superintendent's office, chlorine stor- 
age rooms, and first-aid rooms. It will 
house on the second floor laboratories, 
offices, service rooms, and a storage 
room. It is proposed to tear down the 
roof and walls of the existing rack 
house, to leave the major portion of the 
foundations, boiler settings, boilers, 
and chimney stack intact, and to build 
the new building of approximately the 
same area as the existing rack house. 


Personnel 


Prior to July 1, 1947, the work was 
done by the Metropolitan District 
Water Supply Commission, which was 
organized in 1926 to design and econ- 
struct major extensions of the work of 
the Metropolitan Water District. That 
Commission had completed about $67,- 
000,000 worth of water supply con- 
struction, and had been given by the 
Legislature the job of designing and 
constructing the five sewage works pro- 
jects. On July 1, 1947, the Commis- 
sion was abolished and a permanent 
Construction Division of the older 
Metropolitan District Commission was 
created to take over the water supply 
and sewage works construction work, 
and also to a large extent the person- 
nel. The Commission consists of Com- 
missioner W. T. Morrissey and Asso- 
ciate Commissioners M. Ulin, J. J. 
Grigalus, H. E. Stevens, and E. Me- 
Partlin. Under the direction of the 
writer as Chief Engineer of the Con- 
struction Division are Deputy Chief 
Engineer S. M. Dore, Designing En- 
gineer L. M. Gentleman in the head- 
quarters office, and Head Construction 
Engineer F. W. Gow in the field office. 

Upon completion of construction, 
each project will be turned over for 
operation and maintenance to the Met- 
ropolitan District Commission’s Sew- 
erage Division, of which T. A. Berri- 
gan is Director and Chief Engineer. 
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THE OXYGEN REQUIREMENTS OF ACTIVATED 
SLUDGE DETERMINED BY MANOMETRIC 
METHODS 


II. Chemical Factors Affecting Oxygen Uptake 


By P.S.S. Dawson 
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In Part | Sewage Works Journa 


21, 4, 64 July, 1949) the authors dé 

ribed the use of manometric methods 
for studvil the oxygen uptake of ac 

Vater particularly under dit 
ferent physical conditions. The present 
paper ts concerned with the effect of 
a wide range of inorganic and organic 


emicals on the 


en uptake 


intended to be eX 


ploraton and to demonstrate the east 
wit! whi 1 Is SS ble to ascertain 
the immediate effects of substances at 
rious concentrations 

Because of the large number of sub 
stances tested, detailed studies could 
not be 1 e of the effect of the of 
particular importanee, such as indus 
rial wastes kurthermore, the ntor 
ation elded so far onlv relates to 
the addition of shock doses of ehemi 
als to at tivated slidge unaccus 
hind 


rk w 1) 
te fina respiratory activity of 
ud that has previously received 
fr ient doses of the substance unde 
nvest it n 
Experimental Procedures 

\ fresh sample of washed activated 
sludge was used for each day's exper 
ment. One ml. of a solution of the sub 
stance under test was add to the 
reaction flask of a Warburg manon 
ter, follow usually, by 4 1 ot 
itivat Siu Phe iTMos} n 
the flas is air and the upta Wis 


ed to dealing with the subs 


carried out in due course 
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determined at 28° C Whenever pos- 


How- 


mitations of apparatus, 


sible, thre lasks were duplicated 
ever, owing to | 
one or two determinations in a series 
of dilutions had to be carried out in a 

The effect of each substance was 
simultaneously on the same 
sludge over a wide range of concen- 
tration, usually from 1 part in 100 to 
n 100,000,000 The oxygen 


iptake was observed at frequent inter- 
als during a per od of 3 to 4 hr It 
was clear from all the results that the 
effect of a shock dose of any of the 
substances added occurs very rapidly 
A few results taken from a large num- 
Figure 
1) to illustrate this point. It will be 


seen that the depression mm the oxygen 


ber of experiments are shown 


uptake is rapid and that it persists 


r at least 24% hr. 


Further illustra- 
tions of this point are given later 


Effect of Cations 


The results obtained when some eat- 
ions of industrial importance are 
udded to activated sludge are shown 


n Figure 2 The results have been 


ileulated a Sludge of uniform sus 
pended solid mtent and adjusted so 
that each of the different sludges used 


has the same oxygen uptake. How- 
mcentration of cation shown 
amount actually present 
n the activated sludge concentration 
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OXYCENUPTAKE: 


PARTS BY WEIGHT OF 
OXYGEN PER MILLION 
VOLUMES OF 40 
ACTIVATED 

SLUDGE PER 

1000 ppm 

MATTER 


TINATED 
LUDGE ALONE 


CHLORATE 
YA 100 ppm C10, 
CHROMATE 


100 ppm Cr 
NICKFL SALT] 
Oppm Ni 


variations in the amount of suspended 
solid content of the activated sludge— 
that is, from about 3,500 to 7,000 
p.p.m.—owing to the fact that spot 
samples were used before the results 
of analysis became available. 
Striking features about the curves 
in Figure 2 are their characteristic 
siymoid shape and the fact that so 
many cations appreciably depress the 
respiration at concentrations of about 
100 p.p.m. It is worth emphasizing 
that these experiments are concerned 
entirely with oxygen uptake, without 
regard to such other effects as sub- 
stances might produce on flocculation 
or deflocculation. Zine appeared to be 
the most toxie cation, a depressing 


Figure 1.--Effect of several ions on the rate of oxygen uptake. 
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effect being observable at 1 p.p.m. 
Other work in progress has shown that 
sewage is capable of precipitating con- 
siderable amounts of zine, besides 
other metals, from solution during 
sedimentation and that 1 p.p.m. of zine 
added to sewage as a soluble salt would 
probably not reach the aeration plant 
in the soluble form. 

In several cases, the oxygen uptake 
when traces of the metals were present 
was slightly greater than the uptake 
for the sludge alone. The experiments 
were not sufficiently replicated to de- 
cide whether this was due to a genuine 
stimulus caused by the trace of metal- 
lic ion, or to errors resulting from the 
small volume of sludge used. 
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Effect of Anions was that a shock dose of 100 p.p.m. Cr 

: . was required to depress the oxygen up- 
sodium of the purest com- 

take, whereas the continuous addition 

of 10 p.p.m. Cr (1) impaired nitrifi- 


ation and caused deterioration in the 


pounds ava e were used for experi 
Ss with anions In several cases 

the potassium salts were used, the same 4 ‘ 
resulta bene obtained. The results Purity of trickling filter effluent. 
gher cot Quastel and Lees (2) found that 1,225 


Figure 3 how that a h 
centration anions is required to de p.p.n. of potassium chlorate arrested 


press the oxygen uptake than is the nitrate formation from nitrite in soil 


‘ase | cations With anions th With thiocyanate, a constituent of 


OxvE uptake does not fall off gas works effluents, a concentration of 


h increasing concentrations. at least 100 p.p.m. was required to 


interest with chromate cause any appreciable reduction in the 


OXYGEN UPTAKE 
PARTS BY \WEIGHT 
OF OXYGEN PER 

MILLION VOLUMES , 
IF ACTIVATED 
SLUDGE PER 


ALUMINIUM 


1000 F 
SUSPENDED 
MAT TER MANGANE 


St 
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FIGURE 2.—Effect of cations on the oxygen uptake in 21/2 hr. 
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UPTAKE: 


PARTS 
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rate of oxidation. Shock doses of 
10,000 p.p.m. and 1,000 p.p.m. affected 
the oxygen uptake, but with higher 
dilutions the effects were negligible. 

Nitrite had a marked depressing 
effect on respiration when the concen- 
tration was 100 p.p.m. N, but no effect 
at 10 p.p.m. The steep rise in oxygen 
uptake between these two concentra- 
tions suggests that there may be oc- 
casions when the presence of 10 p.p.m. 
N as nitrite is sufficient to reduce res- 
piration, as indeed proved to be the 
case in a later experiment. 


ANION CONCENTRATION 


FIGURE 3.—Effect of anions on the oxygen uptake in 24/2 hr. 


Effect of Mixtures of Ions 


Experiments were set up to find out 
if ions that had previously been found 
to depress the oxygen uptake of acti- 
vated reinforced another 
when present at the same time. Con- 
centrations of ions were chosen which 
when present separately had reduced 
the oxygen uptake by about 25 to 50 
per cent. In view of the many pos- 
sible combinations of ions that might 
have been tried, the experiments were 
restricted to a sufficient number to in- 
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dicate whether or not the manometric piration of a complicated mixture of 
method was useful for such work industrial effluents. 

Figure 4 shows the oxygen uptake 
of activated sludge separately, as well Effect of Metallic Ions in Chemical 


as with pper, nickel, and ecyanid Combination 


aione ana comoinat ) W lé a- 
ith The effects on respiration of chrom- 
; ld zine alone and in im, zine, and copper in different com- 


mbination ; and with copper, iron, and 
binations were found, usin 


ng Warburg 
hromiut aione ant ‘ombinatio 
manometers The results (Figure 5 
It will n that nickel and copper 
+] show that a shock dose of chromate has 
ei ree ‘ epress 
ach owler in dep! less effect than chrome alum or chror 
es racic wherea evanide waded ) 
‘ lum sulfate in depressing the oxygen 
either nickel or copper reduces the de ' die 
notahke The very ll effect ro 
+ dueed by chromium oxide suggests that 
Manvanes cadmium, and = zine, 
wreater reduction 2°? interference by chromium salts 


n sewace nurificati ine Late 
n uptake than either ion separately in wage purification 1s due to thelr ae 


conversion insoluble chromit 
In this experiment 10 p.p.m of zine n nsorupi hnromium 1 
‘ble effect on the oxvgen 2¥aroxid during sedimentation 
intake Zin as sulfate or acetate Was 
With mixtures of copper, iron, and slightly toxic at 10 p.p.m. Zine dust 
chromium, chromium did not appreci had a marked effect in reducing the 
‘ 
ib] Nn ase the effeet produced by oxyizen uptake. ( opper, as metal or 46 
pper, whereas the effects produced Oxide, Was inert; but as snifate and A: 
by iron and chromium were additive. Chloride it showed signs of toxicity at 
The limited number of experiments 10 p.p.m In general, the conclusion 4 
hed indieates that the manomet reached is that the toxie effect of 
! method offers a quick means of metals is exerted when they are present 
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prea ting the probable eflect on res in the d ssociated or lonie form . 
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FIGURE 4.—Effect of mixed ions on the oxygen uptake. 
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Rapidity of Toxic Action 


To test the speed of action of ions 
on the oxygen uptake, 4-ml. portions of 
activated sludge were placed in a num- 
ber of Warburg manometers and 1-ml, 
portions of the ionic solutions in the 
side bulb of the manometer. The oxy- 
ven uptake of the activated sludge 
alone was found over a period of 90 
min. The 1 ml. of solution was then 
tipped into the activated sludge and 
the determination continued. The re- 
sults (Figure 6) prove that any effect 
the added substance may have is pro- 
duced almost at once. 


FIGURE 5.—Effect of metallic ions in different states of chemical combination. 


Effect of Sulfur Compounds 


The effect of adding sulfur ecom- 
pounds to activated sludge is shown in 
KFivure 7. Sulfide, thiocyanate, and 
thiourea depress the oxygen uptake, 
but only at the high concentration of 
10,000 p.p.m. In this experiment the 
chemical oxidation of sulfide and sul- 
fite caused interference in determining 
the biological oxygen uptake. This 
was overcome by using manometers 
containing water and sulfite, or sulfide, 
and deducting the resulting oxygen 
uptake from that obtained when acti 
vated sludge was present. The plot of 
the sulfite results shows the total 
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TABLE I. Uptake of Oxygen by Activated 
Sludge and Activated Sludge Plus Sulfide 
Warburg Manometers, 2 Hr. at 28° C. 


xygen 
ature 
Absorbed! 
Activated ye 277 
Activa 1,000 ppm. 403 
Activa s 344 
Activat 10 p.p.m. 200 


' Parts by weight per million volumes of acti- 
mtaining 5,510 p.p.m. suspended 


75,510 p.p.m suspended solids 
As sodium sulhde 
ygen uptake, including oxygen for 
the chemical oxidation of the sulfite. 
Table I gives the results for the 
yuen uptake of activated sludge 
plus sulfide in various concentrations. 
The increased oxygen uptake in the 
presence of sulfide would suggest that 


April, 1950 


this might become a serious competitor 
for oxygen in an activated sludge 
plant. 


Oxygen Uptake in Presence of 
Nitrite and Nitrate 


Mixtures of nitrite and nitrate were 
added to activated sludge and the Oxy- 
gen uptake determined simultaneously 
using the same sample of sludge. The 
Figure 3) 
show that under the conditions of these 


results after 1, 3, and 5 hr 


experiments 10 p.p.m. of N as nitrite 
depressed the oxygen uptake, the maxi- 
mum effect being produced by 50 
p.p-m. nitrite N. After 3-hr. aeration 
the depressing effect of nitrite became 
less. and still less after 5 hr. The 
activated sludge used frequently pro- 
duced a small amount of nitrate in 
the large-scale plant at the time of 
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FIGURE 6.—Rapidity of the toxic action of various ions on oxygen uptake. 
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OXYGEN UPTAKE 


PARTS 


OXYGEN 


PER 


MILLION VOLS 


OF ACTIVATED 


SLUDGE 


PER ICOO ppmOF 


these experiments, and more when the 
conditions favored nitrification. It is, 
therefore, probable that with continued 
aeration the sludge became able to 
oxidize sufficient nitrite to reduce the 
nitrite concentration and so lessen its 
toxic action. This is supported by the 
fact that at the end of 5 hr. nitrite 
had disappeared from the flasks ecn- 
taining the two lowest concentrations 
of nitrite. 


Effect of Organic Chemicals 

Numerous investigators have deter- 
mined the effect of adding organic 
chemicals of industrial importance to 
activated sludge. In most cases the 
chief concern has been to find out how 
much substance could be added to the 
sludge without interfering with its 
ability to purify sewage or to settle 
properly. The object of the present 
experiments was to use the manometric 
technic in order to survey the short- 
term effect of as many substances as 
possible applied onee to fresh samples 
of normal activated sludge. 

The possibility of interference being 
caused by the volatilization or atmos- 
pherie oxidation of the substance 
under test was prevented by employ- 
ing the following schedule with each 
substance: 

1. Duplicate sludge controls. 

2. Sludge and substance both in the 
reaction flask. 


FIGURE 7.—Effect of sulfur compounds on oxygen uptake. 


3. Sludge in the reaction flask and 
substance in the side bulb. 

4. Water in the reaction flask and 
substance in the side bulb. 


Procedure 2 was duplicated whenever 
possible. This arrangement gave re- 
sults in triplicate when four manom- 
eters were used, and permitted the 
effect of the substance to be deter- 
mined on sludge undergoing oxidation. 


Alcohols 


It was found that 1 ml. of methanol, 
ethanol, or amyl alcohol almost com- 
pletely and immediately suppressed 
the oxygen uptake of activated sludge. 
Ethanol, in 1-ml. portions diluted to 
give concentrations of 20, 10, 2, and 


TABLE Il.—Effect of Diluted Ethanol 
on Activated Sludge Respiration 


Oxygen Uptake (p.p.m.) 


Period | Sludge! and Ethanol? 
Sludge 
Alone | 


20% | 10°% | 2% | 0.2% 


First 45 min. 55 | 83 106 161) 63 


First 90 min.* 108 | 84 | 119) 268) 131 
Second 45 min.‘ 53 1 13, 107) 68 


' Containing 3,920 p.p.m. suspended solids. 

2? Sludge in flask, ethanol in side bulb; con- 
centration is ethanol in mixture after addition 
to sludge. 

? Alcohol added to sludge at 46th minute 

‘ Increase in uptake after addition of ethanol. 
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ated sludge, had the effeet or 
ae Solutions were made up containing 
tion shown in Table II 1 
‘ é | per cent of the organic acid, neutral- 
en that the oxygen used 
a ized th sodium hvdroxide to pH 
nti ! ethanol in t 
The followi conditions were ob- 
hat efore tipping) wa rt 
r than in th ntrol flask. T} 
d rn ther xperi ents. to hy ] To 2.5 ml ol activated sludge, 
‘ tion by the slud f plus 05 mil. of Sorensen’s buffer 
Iw had vaporised from the KH.PO, KOH, pH 7.4), 1 ml. of aeid 
hull When ti} thanol w olution was added in the reaction 
ition is stor flask oiving a onecentration of 2 500 
1) | nt mixture and alr t p.p.m 
by the 10 per cent mixtu ». In the side bulb 2.5 ml. of acid 
nt ethanol vreatly in solution was placed to allow the acid 
dt en uptake, whereas the to be added during the respiration of 
of the 0.2 per cent mixture was the sludge. The results obtained with 
some organic acids, caleulated for a 
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FIGURE 8.—Oxygen uptake in presence of various concentrations of nitrite and nitrate. 
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FIGURE 9.—-Effect of sodium salts of organic acids on oxygen uptake 
(see text for concentrations). 


sludge of uniform suspended solid con- 
tent and for an acid concentration of 
N/120, are shown in Figure 9. 
Acetate, propionate, and butyrate 
caused a marked and similar increase 
in the oxygen uptake. The rate of in- 
crease was the same when these sub- 
stances were added some time after the 
sludge had been undergoing oxidation 


alone. Formate had relatively little 
effect in increasing the oxygen uptake. 
Lactate, pyruvate, and_ propionate 
showed increased uptakes of the same 
order (Figure %b). Palmitate and 
stearate (Figure 9c) also gave an in- 
crease, whereas oleic acid depressed the 
oxygen uptake. Succinate gave an in 
crease comparable with acetate; to a 
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TABLE II1.—Effect of Methylamine, Aniline, 
and Pyridine on Oxygen Uptake 


Ve 
\iet 4 4 
First 14 br 32 8] 83 82 
First 3 he 15a 163 167 149 
Second 141 st O4 
Containing 3,720 p.p.m suspended olids 
Subst f ter 14 hr 
I Cruse iptake after addition of su 
stance 
lesser extent, oxalate and malonate also 


nereased the ox en uptake (ot the 

x\ Das acids tested, fumarate 
and tartrate had only a slight effect 
Benzoate and tannate Figure Of 
were the only salts of organic acids 
that had an inhibitory action on sludge 
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Organic Solvents 


It was not found possible to obtain 
satisfactory replication of results with 
a number of organic solvents. The re- 
sults were regarded, therefore, as quali- 
tative. In 20 per cent concentration, 
naphthé petrole im ether, and acetone 


completely suppressed oxidation ; kero- 


sene, toluol, carbon tetrachloride, and 
ether lowered oxidation by 50 to 90 
er cent; and ethyl acetate effected a 


10 to 50 per cent reduction. 


Organic Nitrogenous Compounds 


The results of a systematic study of 
nitrogenous compounds are described 
late Table IIL shows that methyla- 
mine and aniline, when tipped into 
activiated sludge that had been absorb- 
ing oxygen for 114 hr., produced a neg- 
ligible effect on the oxygen uptake in 
the next 14% hr. in spite of the fact 
that the concentration of substance 
present was 25 per cent. Pyridine 
caused a slight reduetion 
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FIGURE 10.—Effect of aldehydes on oxygen uptake. 
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FIGURE 11.—Effect of carbohydrates 


Organic Toxicants 


A few bactericidal substances were 
tested at different concentration in 
Warburg manometers. Phenol, cre- 
sylic acid, and urethane gave results 
resembling those produced by toxic 
norganic materials. Aldehydes ar- 
rested the uptake of oxygen, exerting 
a toxic effect even before they were 
transferred from the side bulb to the 
sludge (Figure 10). This was due 
to the volatilization of the aldehyde 
and its absorption by the sludge. 


TIME IN MINUTES 


and their derivatives on oxygen uptake. 


Effect of Biochemically Important 
Compounds 


This section deals with the effect on 
the oxygen uptake of activated sludge 
of carbohydrates, fats, steroids, amino 
acids, nitrogen bases, and micro-nutri- 
ents such as vitamins. Usually, 1 ml. 
of a 5 per cent solution or suspension 
of the substance under test was added 
at the beginning of the test to 2.5 ml 
of sludge plus 0.5 ml. of buffer solu- 
tion at 7.4 

In another manometer, the solution 
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r suspension was not added until res- 
In Lose and 


on of 


third 


the 2.5 ml 


suspension 


Carbohydrates and 7 heir Derivative § 


Both arabinose and xylose increased 


howed a lag 


arabino 


cure 


the 


manometer, 


and 


SEWAGE AND INDUSTRIAL WASTES April, 1950 
F yvure lle Lac- 
similar in- 
four disaccharides 
moment they 
The ease 


i@S 


of the same order 
‘ellobiose vave 


TI ese 


sludge had begun 
flask 
from the 


the reaction 1! 
of sludge, 0.5 ml 
1 ml. of the solution or lds . the sludge 
vith 1 ‘h certain polysaechari 
“1 is shown by reference 
lld. Glycogen 
than 
tart, but the 


Stal 


Figure caused a 
r oxygen 
| from the 


added 


uptake glucose 


reversed when they were 
undergoing oxida- 
ur. The 
addition 
On 


take (Figure lla The when 
n the presence of position was 
because of the added to 
contained Nhamnose tion alone for the 

take ‘caused by the 


without effect. The r 
also consid 


before the addition 
had a 
t on respira- 


wreater 
probably the sludge 
first he 
ally 

erable 
and xylose produced ant other hand, inulin smaller 
oxygen uptake fect and cellulose no effec 

fructose, galactose, tion within a pe 1 of 2 hr. 
timulated the oxygen uptake The mixed polysaccharides alginate, 
uptake pectin, agar, and lignin were 
not at all oxidized by 
Lh Glycerol, 


The oxygen only 
slow ly or acti- 


ind sorbitol 


lib 


t immediately 


these sugars 


the 


Figure 
(Figure 11f), 
sucrose both caused when mixed with activated sludge from 

and the r added during the exper! 


vated 


to the sludge during 
vlycol, 


m experiment 


and 
nereases in oxygen uptake 


FIGURE 12.—Effect of sugar derivatives, fats, and sterols on oxygen uptake. 
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ment, approximately doubled the rate 
at which oxygen was taken up by 
sludge, although the increase was not 
Mannitol had 
little effect; duleitol, none. 

Starch, dextrin, maltose, and glucose 
showed much the same oxygen uptakes 

Figure 12a This indieates that the 
rate of hydrolysis of the glucose de- 
rivatives is not a factor of importance 
limiting the rate of oxidation. 

A representative uronic acid (hyal- 
uronic acid) and an amino sugar (glu- 
were found to be oxidizable 


as great as with glucose, 
relatively 


cosamine ) 


by activated sludge (Figure 12b), al- 
though glucosamine caused only a 
slightly increased oxygen uptake. 


Both were less oxidizable than glucose. 


Results expressed as parts of oxygen used in 
containing 2,000 p.p.m. of suspended solids. 
143 parts of oxygen in 2 hr. 


T 
Amino Acid | | 
| 
Molecular 
Weight | 
Ne Type Name | | 
Arginine | 174 
| 
2 Raat Histidine | 155 
3 Lysine 132 | 
Ty “oOsine IS] 


hanvinls 
6 I'ryptophane 


Proline 
Hydroxy proline | 


Pyrroli- 


line 


Glycine 
Alanine 
11 Aliphatie Valine 

12 Leucine 13 
Isoleucine 


Sulfur Methionine 
(Cystine 


Serie 


Threonine 


Aspartic acid 
Cilutamie acid 


Calculated as M/100 
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TABLE IV. — Effect of Amino Acids on Oxygen Uptake 


* Expressed as percentage of oxygen demand of the sludge 
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Fats, Bile Acids, and Sterols 


Fats containing fatty acids were 
tested and the results compared with 
those previously obtained with glycerol 
and fatty acids. The results (Figure 
12¢) suggest that the oxygen uptake 
of fats is due to the oxidation of the 
glycerol component, as the higher fatty 
acids are hardly oxidized in the first 
2 hr. 

Sodium 
acid, cholesterol, and stigmasterol were 
tested in 1] per cent The 
sterols had little effect on the oxygen 


tauroglycocholate, cholie 


solution, 


uptake. The increase observed with 
cholic acid and the tauroglycocholate 


(Figure 12d) is large, considering that 


2 hr. per million volumes of activated sludge 


The sludge alone used 


7 
| Inerease in Oxygen Increase in Oxyger 
} Uptake (p.p.on Uptake : 
Amino 
| Nitrogen | | 
| 1% | M/100 
Amino Avi Be Amino Aming 
| Acid So , Acid Sol. | Acid Sol. 
241 | 33 23 | #40 
mie 26 i} 18 | 28 
21.2 33 3 | 23 30 
40 | 54 |) 98 


12.2 110 127 ata! 
10.7 32 42 


3 i! 
15.5 30 7 
12.0 7 67 10 1 
10.7 12 150 112 


| 
= 
4 
| 
| 
| 
| 
| 
{ 
| : | 204 | 37 | | 90 | 2 | 6 
204 | «13.7 | | | #32 | 66 
— 
240 11.7 74 178 | 53 | 125 
| | 
16 105 13.3 114 120 St) 
Thee 17 119) st) | 56 (6 
| 
18 133 | 10.5 102 136 72 95 
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following 
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triplicate. The pro- 
teins used, in 1 per cent solution, were 
a glutelin, a and 
Figures l4a and 


were examined in 


casein, 


egg albumer 


gelatir The results 


14b) show that the pe ptones ¢ reatly in- 


creased the oxygen uptake and that this 
effect was produced without a time lag. 
The proteins caused a smaller increase 
the p there 


marked time lag before the effect 


than ptones and was a 


was 


shown 


Nitrogen Bases 


The following purines and pyrimi- 
tested in l per 


adenine, gua- 


dine derivatives were 
cent solution at pH 7 
allantoin, alloxan, uric 


nine, xanthine, 


Alloxan depressed the 
oxygen uptake slightly after 1 hr. and 
2 hr., but the 
without effect 

Betaine, choline, skatole 


cent solution at pH 7 


other substances were 
and guani 
dine 
- effect on sludge 
and holine had 
skatole 


respiration 


respiration 


tion, whe and guani 
(Figure 
guanidine at 


Figure 14f 


tical concentration lies 


PAS 

inhibite a 

The 
different con 
100 ar 
One per cent solutions 


results with 


‘entrations 

between id 1,000 p.p.m 

or suspensions 

urea, creatinine, and hippurie acid 
Its shown in Figure 14d, 

urea and uric 


s of 


With the exception 


FIGURE 13.—Relationship between percentage of amino nitrogen in added amino acids 
and the increase in oxygen uptake. 
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FIGURE 14.—-Effect of various nitrogenous compounds on oxygen uptake. 


of hippurie acid the effects were only 
slight. 


Growth Factors and Micronutrients 


Over a range of concentrations from 
10 to 10,000 p.p.m. the following sub- 
stances were selected for test purposes : 
nicotinie acid, aseorbie acid, thiamine, 
inositol, and p-amino benzoic acid. No 
in the oxygen uptake of the 
sludge resulted. 


change 
Glutathione in 1 per 
cent solution and at pH 6.8 gave an in- 
crease (Figure 14e), somewhat less in 
amount than that for peptones. 


Discussion and Summary 


1. Using manometric methods, the 
effect of shock doses of a wide variety 
of chemicals on the oxygen uptake of 
activated sludge has been investigated. 
The experiments were of short dura- 
tion. An attempt has not yet been 
made to use this method of approach 
for the study of activated sludge that 
has received a succession of doses of a 
particular substance, such as would 
occur in a treatment plant dealing with 
an industrial effluent. 


2. In Part I of this paper it was 


505 
2 vias? 4 2 wate 
PER 000 pp | A JA 
| A fo 
rane « | 
| 
2s | 
SUBSTANCES ° 
| 
| 
4 
| 


= 


506 SEWAGE AND INDUSTRIAL WASTES April, 1950 


shown that when a minimum rate of is scope for the development of mano- 
is for the study of effects 


shaking had been re ached, additional metric methods 


haking produced no further increass produced by frequent addition of me 
in the ox n uptake rate. This sup tallie toxicants to activated sludge 
ports th ew expressed by other work 


The probability is that in sewerage sys 


ers that once a minimum concentration ing metallic wastes, most of 


the metal. with the exception of chro 


of dissolved oxygen is reached in an 


aeration tank, no further benefit in the mate, is precipitated from the sewage 

rate of oxidation is obtained by increas during sedimentation. Zine, copper, 

ing the oxygen concentration llow ehromium, cadmium, and nickel were 

r xygen dissolved in a mixed liquor found to be among the most toxie sub 

it the end of an aeration tank 1s not stances Sulfide and sulfite, at high 2 
ted he experiments show that ‘oncentrations, had such a large oxy ess 
n when activated sludge is thor gen demand as to mask their toxic ac 

ough! vashed it still has a steady cde tion on the sludge Some toxic ions 
ind tor oN ren and that the demand were found to be additive in their et 
proportional to the concentration of fect, others tended to neutralize the 
spended solids present; in facet, at effect of one another. In cases where . 


action of a mixture of sub 


any one moment, the demand of the — the probabl 
ludge is greater than that of the sew stances on an activated sludge plant 
aye During the separation and con has to be predicted, the experiments on 


ition of the activated sludge, oxy toxicants indicate that the manometric 


by the sludge. Other technic has possibilities well worth ex 


anaerobie conditions will ploring 
ensue. witt onsequent loss of condition 5. Organic substances, with a few ex 
hv the sludes One symptom of this ceptions, mostly inereased the oxygen 
of condition has been shown to be uptake of activated sludge. Glucose, 
reduction in the rate at which oxygen pounds built up from : 
ibsorbed when aerobie conditions are ule caused the ereatest 
stored his reduction is of short ults si sting that the i} 
it following anaerobie conditions was limited by the rate | 
ti r periods of up to a few hours lation rather than the | 
Permanent injury oecurs only after the glucose molecules | 
| absence of oxygen These enzymic hydrolysis 
har the shidge conditions were According to the results, it seemed that 
elated to ¢| n electro-potential the liberation of the glueose molecule \ 
mportance of pli tempera Was nec to obtain the maximun 
nd slides neentration has al oxvgen uptake because some lucose % 
vy be referred to in Part [. Thi derivatives were not oxidized as rapidly 
xperiments o1 neentration suggest is ulucose or starch Some polysac 
that the air supplv in an activated harides, such as cellulose, did not affect 
i t determines the maximu the oxygen uptake in the short period 
neer f slud that mav be if experiment It is probable that 
i! compounds of that kind become assoe 
‘od metabolic activity of sludge ated with the sludge and are in time 
s be 1 on a broad basis resolved into simpler substances cap 
Mat ! substances act as tox able of undergoing oxidation 
ants W ngle doses of 1 to 100 The in se in oxygen uptake whiel 
p.p.m. of the metallie ion are added pentoses, hexoses and disaccharides 
G t] Tect is immediate and iused when added t tivated sludge 
persistent, and is shown by a reduction shows that activated sludge, because of 


in the rate of oxygen uptake. There its mixed flora, is well endowed with 
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the oxidative mechanisms necessary for 
the breakdown of a wide variety of 
compounds. The lipoids were also ox- 
idized with ease. In this case, it is 
probable that the increased oxygen up- 
take was due to the glycerol fraction of 
the molecule, as the higher fatty acids 
were only slightly oxidized. The hemi- 
celluloses were unaffected by activated 
sludge. Beeause the pentoses, which 
constitute an important part of the 
hemicelluloses, are oxidized by acti- 
vated sludge, it is inferred that the ab- 
sence of hydrolytic enzymes prevented 
the oxidation of these. substances within 
the space of a few hours. 

6. With nitrogenous compounds, the 

effects produced by amino acids were 
variable, although all were oxidizable. 
In general, the higher the nitrogen con- 
tent, the lower was the increase in oxy- 
gen uptake. A time lag of 10 to 30 
min. occurred with most of the amino 
acids used. Proteins gave a limited 
oxygen uptake, whereas peptones, their 
breakdown products, were oxidized 
without any time lag. It is clear that 
simple and combined amino acids are 
capable of being utilized by activated 
sludge for respiratory metabolism. 
7. Micronutrients and growth factors 
were of no importance in the respira 
tory activity of activated sludge. The 
mixed flora in sludge and the nature of 
sewage make it unlikely that essential 
growth factors are missing. 
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8. A few experiments with nitrite 
and nitrate showed that nitrite could be 
toxic when present in sufficiently high 
concentration. However, the nitrite 
did tend to disappear and, it was pre- 
sumed, was replaced by nitrate. The 
authors have not yet carried out any 
work on nitrification using microman- 
ometers. It is probable that new micro- 
analytical methods will be required be- 
fore this is possible, or that the use of 
larger manometers will be necessary. 
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STUDY OF THE NITRIFICATION PHASE 
OF THE B.O.D. TEST * 


ty A. M. [REN 


State 


illinoia 


recently, the idea of the exist 
of two distinet stages of oxidation 
n the B.O.D that 


s followed by nitrogenous 


reaction is, Car 


has been generally accepted 


Hlowever, tt 


has been recognized for 


me that the interpretation of re 
sults of the 5-day B.O.D. test, particu 
irly when applied to sewage plant ef 
fluents. has beea compli ated bv the 


of nitrification before com 
oxidation This 
Mohlman (1) in 


urrel 
| lete carbonaceous 


is pointed out by 


published in 1948, 
1oted the need for 


the 


In an 
Ruchhoft, et al. (2 
further study and revision of the 


oxidation 


ory of clear-cut two-stage 
In an investigation of 45 samples (in 
ustomary sewage dilutions) conducted 


Placak and Ettinger (3 
showed nitrite formation 
four showed it by the 


and 19 by the tenth day 


rhev a show that when the B.O.D 
values for one series are corrected for 
nitrif n. the erratic eurve obtained 


neubation 


by plottu B.O.D. against 


s a smooth curve 


2.823 (1-10°°**** 


is BOLD 


by 
Var s procedures for eliminating 

nitrification during the B.O.D. test 
‘ been s sted. Among these at 

tl te. fol} 1 } 
e i n followed by reseed 

Put Research Grat 
t f 8 W s As 
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Van Meter, ano J. R 


Water 
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Survey, Urbana, Ill 


and chlorination followed by re 
seeding, discussed by Sawyer and Brad 
(4). Aeidification, followed by 
and reseeding, as well as 


ing, 


ney 
neutralization i 
pasteurization and reseeding, has been 
“1 by Hurwitz, et The 
bacteriostatic effect of me thy lene blue 


studi al. 5 
as applied to nitrification has been in 
vestigated bs Abbott (6) (7 

In all of 
of ammonia apparently occurred con 


these studies the oxidation 
currently with the carbonaceous oxida 
tion. It was thought that information 
as to the rate of ammonia oxidation in 
an inorganie medium in which ammonia 
oxidizable substance would 
Hlowever, 
attempts along this line were hampered 
by the fact that excessively long lag 
Instead of 


nitrifying 


is the only 


prove of interest and value 


periods were encountered. 


a lag period of hours, the 


organisms under the conditions of these 


experiments have shown lag periods of 
For example, in one of 


No. 15). the B.O.D 
weeks was only 0.6 p.p.m., 
weeks B.O.D. had 
thus utilizing all the 
The nitrite nitrogen 


p.p.m Ruchhoft 


davs r weeks 
the earlier series 
after three 


the 


after 


ched 


} 
ved 


8 p.p.m., 
oxygen 
was 2.6 


onset of ni 


notes the variability in the 


trite formation, even in duplicate bot 


tles of the same dilution. From a bac 
teriological viewpoint, it appears that 
an explanation of the long lag phase 


ind the erratic appearance of nitrita 
tion (nitrite formation) in the B.O.D 
test migh lie in the size of the in 
oculum and an understanding of the 
generation time of the nitrifying or- 
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Growth Rate 


Little specific information on growth 
rate of nitrifying organisms was found 
in the literature (8 A general state- 
ment on growth time has been found 
useful. 

Generation time is that interval dur- 
ing which one cell develops and com- 
pletely divides into two cells. Mathe- 
matically, it is expressed (9): 

t 
3.3 log b B 


in which g is the generation time, ¢ is 
the total time, b is the number of cells 
at the end of time ¢t, and B is the num- 
ber of cells at t = 0. 

The generation time of microorgan- 
isms is dependent on the conditions of 


growth and the nature of the specific 


organisms. Heterotrophic organisms 
have a comparatively short generation 
time, as follows: 


Generation Times of a Few Heterotrophic 
Organisins (9) 


Generation Time 
(min 


Organim 


21.5 
16.4 to 17 
17.2 to 17.4 


Proteus vulgaris 
Escherichia coli 


Aerobacter aerogenes 


Eberthela t jphosa 23.5 
Diplococcus pneumoniae, type 1 20.5 
Clostridium butyricum 51 


Ri} izohium trifolii 


101 to 174 
343.8 to 460.8 


Rhizobium japonicum 


On the other hand, the autotrophic 
organisms are noted for their long gen- 
eration Considering that they 
must synthesize their entire protoplasm 
dioxide with energy re- 
the oxidation of inorganic 
compounds, it would be expected that 
the length of time required for the 


time. 
from carbon 
leased by 


synthesis of a cell would be greater. 
Ellis (10) reported that under favor- 
able conditions the generation time of 
Beggiatoa (an autotrophic sulfur 
bacterium) is 24 br. 
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As the generation time of Nitroso- 
monas was not known quantitatively, 
it was determined as follows: 

Each of three series was prepared by 
adding to 1 part of inoculum (taken 
from the immediately preceding series) 
10 parts of fresh substrate, as follows: 


Nitrite N 

Length of Formed 

Series Incubation (p-p.m.) 
C 6 days 1.13 
I 6 days 1,16 
N 5 days 1,17 


It can be 
series was 


seen that each succeeding 
inoculated with the same 
proportion of nitrifying cultures show- 
ing approximately the same activity. 
From this it can be assumed that the 
number of cells present, when the sub- 
culture reaches the same activity as the 
culture used as inoculum, is 11 times 
the original. Using these values, the 
generation time of our culture, under 
the conditions present, appears to be 
about 31 hr. Thus, in 31 hr., x nitrit- 
ing cells become 2z cells in a B.O.D. 
bottle at 20° C., whereas in only 6 hr., 
x cells of heterotropaic Escherichia 
coli become 98z cells in milk at 37° C. 
(11). 

Although the above figures are only 
approximations, they may explain how 
it could take 3 to 5 weeks for a sub- 
strate inoculated with relatively few 
cells to show enough oxidation of am- 
monia to be detected by 
means. 

Proceeding along this suggested line 


chemical 


of attack, success has been attained in 
producing an inoculura that results in 
complete nitritation in 5 to 6 days with 
no significant lag phase. This was ac- 
complished by means of a series of sue- 
cessive inoculations 


Study Results 


The initial observance of nitritation 
in this group started with Series 15, 
which was one of a number of series in 
which the medium was varied in an 
attempt to shorten the lag phase. In 
this particular series, the (NH,)N was 
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increased to 19.3 p.p.m. Seeding was 
accomplished by the addition of 4 drops 
dispersed trickling filter efflu 
ent to each bottle. Thi 
amount to about 0.7 to 0.8 ml. per | 
After 3 weeks, the B.O.D. was only 0.6 
p.p.m., but B.O.D 
had increased to &.0 p.p.m This is 
shown in Figure 1. Practically all of 
the dissolved oxvgen had been utilized; 
2.6 p.p.m. (NO,-)N had been formed 
At this time in the ineu 
bator a number of bottles of Series 11 


of well 


seeding would 


after 5 weeks the 


there were 


had been seeded with 


These orig nally 
0.1 ml 
pared 
medium (12 
period of 
evidence of 
bottles of 
tritation 
ineubation to 
the amount of 1 ml 
size of the B.O.D 
this amount of would be 
about 3.5 to 4 ml. per lL After a lag 
the B.O.D 
Roughly one-third of 
N had been oxidized in two 


per bottle of an inoculum 


pre 


from soil in Winogradsky’'s 
Successive tests over a 
two months had shown no 
nitritation. One of the 
Series 15 showing active ni 
day of 
reinoculate Series 117, in 
bottle The 


bottles is such that 


was used on the 
pe r 
inoculum 


of about day showed a 


progressive rise 


the Nu 


FIGURE 1.—Rates of nitritation with 
poor inocula. 
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There were insufficient bottles 
the end 
was ap 


weeks 
for intermediate tests, but by 
of the third week, 
parently complete 


nitritation 


completion of ni- 
42nd day after re 


Three weeks after 
the 


inoculation of Series 11, it 


tritation, or on 
was used as 

19, in the 
of dilution 
that the 
period was three weeks, or about three 


reseeded Series 11 


seeding material for Series 
amount of 4.5 ml. to 1 1 

water. Figure 1 shows lag 
times as long as for 
The action 


more than four weeks 


was complete slightly 
The amount of 
inoculum used was comparable to that 
used in the reseeding of Series 11. It 
might be significant to note that three 
we ks h id elapsed after completion of 
Series 11 before 
Series 19. 
Series 19, on the 34th day of incu 
bation, or at about the time of comple- 
tion of used as 
inoculum for 22. The amount 
29.8 ml. per |. For this 
rlass stoppered 500-ml. flasks 


nitritation in it was 


used to inoculate 


nitritation, was then 
Series 
added was 
were used to permit determination of 
D.O. (NO.-)N, NH,)N, on the 
same sample. A sample was siphoned 
from the flask into a B.O.D. bottle and 
the D.O. determined in the usual way. 
The the flask 
was then used for the determination of 
(NO,)N and (NH,)N. The lag period 
was shortened to about 6 days and 
nitritation was complete in 10 to 14 
is similar to 


and 


fe remaining In 


substra 


days. Thus, Series 22 
Series 11 
that both 


at a time of, or 


in length of lag phase and in 
were seeded with organisms 
not long after, active 
for Series 22 
approximately 6.5 times as much inoce- 
Also, Series 22 com- 
shorter 


nitritation Hlowever 


ulum was used 
pleted nitritation in a much 
time 

The 


ries 


ammonia determinations for Se- 
dilute 


were hampered by analytical diffieul- 


2 in the concentrations 


The use of synthetie rubber 


stoppers in the stills caused contamina- 


tion, which was not eliminated by the 
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customary treatment of boiling the poured into B.O.D. bottles. The first 

stoppers in caustic soda. For this test was made on the 9th day of in- 

. reason, all-glass stills were adopted. cubation, at which’ time 1.13 p.p.m. 
As only 50 ml. were available from (NO,-)N had been formed. Thus, al- 
the incubation flasks, the largest most complete oxidation of the am- 
amount of ammonia nitrogen was 60 monia present had occurred, Series 
gammas. This required almost com- 6 was seeded from A, Series C from 
plete distillation of sample to reduce  B, and so on through Series F. Table 
the percentage of error to a permis- I summarizes the data for these series, 
sible figure. as well as those for the preceding ones. 
In order not to lose the inoculum The quantity of inoculum in Series 
while working on the (NH,)N de- <A, B, C, D, and E was the same in 
termination, it was planned to carry each case, but the series differed as 
on inoculations into fresh media pe- to condition of inoculum at the time 
riodically, following the activity by of use. Series C had formed as much 
means of the (NO,)N formed. The (N,-)N in 6 days as A had in 8 days, 
first such inoculation was series A, in’ yet when C was used for seeding, D 
which 100 ml. from a bottle of Series the latter series was only slightly more 
22 were added to 1 1. of the usual sub- than half as fast as C. This might 
strate. The seeded mixture was then have been due to the fact that the 


TABLE I.--Nitritation Rates Resulting from Different Amounts of Inoculum 


in Different States of Activity 


Inoculum 
| 

| 


Initial | | | Per | 
Amount | Nitri-|(days 
| 
| 


| 

History | Cent | Time a 


mil. /L. of} Source | tation 
| medium}! 
| | 


Age 


| Condition 
(days) | | 


15 19.3 | 07-08 | Tr. filt. effi 0 Fresh, well) - 3 to 4 wk. lag; © depleted by 

| } dispersed} } end of Sth w 

Reseeded 11 1.5 3.5-4.0 Series 15 | 36 In active; 100 | 15-21) 6-day lag; incubated for 60 days 
| nitrita- | prior to reseeding 


| tion 
42 | 3 wk. after) 100 
| comple- 


iv 1.14 45 Series 11 | 
| | | tionof | 


3-wk. lag 


nitrita- 
tion 
34 


22 | 140 | 29.8 Series 19 6 days af- | 100 | | 6-day lag 

pletion 

of nitri- | | 

| tation | | 

Series 22 | 12 In active | 4 | 
| nitrita- 
| tion | 
In active | 

nitrita- 

tuon | 
In active | o4 66 


| 
| 
| 
| 


| 
| ter com- 


“ Incubated in water bath 


| 
| 
}1.2+0.1 100 Series A 
Ineubated in water bath 


} 
100 | 8 Incubated in water bath 
| 
| 


nitrita- 
tion } 
1.2240.1; 100 Series C | Inactive | 6 | Incubated in water bath* 
nitrita- | | 
| tion | 
6 | Incomplete} 12 8 | Incubated in water bath? 
| pitrita- | 
tion | 
8 | Incomplete) % | 10 | Ineubated at 20° C. 
| mitrita- | 
tion } 


‘ Medium consisted of standard dilution water (Standard Methods, 9th Ed., p. 140) except 
(NH,)N was changed as indicated in table and 0.11 g. NagCO, per liter was added. pH was 
adjusted with HCL 
* Temperature 4° to 5° C.\ ower than for Series A, B, and C. 
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im temperature 


mas holidays whi 


were being incubated 


Additional Series 


the apparent effect of the 
nitritation on the leng 


TABLE II.—Rate of Nitritation Using 
Inoculum at Height of Activity 


( t 

G \ 13 6 
H 1.17 Sto 14 07 
24. | 1.16 97 
j 1) 1S 1.17 10 07 
K I 12 1.25 14 100 
I ( 14 1.1) 82 
1.20 6 

H i4 1.17 5 97 
1.15 OH 

0.964 SO 

N I i4 1.17 5 
1.15 

1.16 97 

O 14 1.16 6 97 
115 

1.16 Q7 

100 i. Ime im t 1 |. of dilution water 
Medium contained 1.2 + 0.1 p.p.n NH,)N 


ected NO which ranged 
from 0.04 to 0.18 p.p.m. 


Duplic ite botti« analyzed on the 6th day 


J, and K were used for seeding as 
shown in Table II. Figure 2b shows 
that in all five of the new series ni- 
tritation proceeded rapidly with very 
little, if any, lag In at least one 


bottle of ea h series con rl te nitrita 


sistent ana 


is obtained 


just reached 

and is used in sufficient quantities 
This would indicate that the variabil 
itv of incidence of nitrite formation 


the lone generation time and to the 
variability of the inoculated substrate 
witl respect to the numbers and 
metabolie activity of nitrifving organ- 


Quantitative work on the growth 


rate of nitrifiers is now under way. 


ae maximum and minimum temperature 
| ee during incubation of D, and also E bs 

was 4° to 5 C, lower than the maxi 
Nitritat 
ing the previous series These series Series 
aap were part of those incubated in a Is 
water bath and the building tempera 
| ure was somewhat lower during the 
hrist |e Series D and 
|e er the cause for the slowness in the é 
ra Or nitritation in eTies ad 

produced appreciable (NO,)N when 

yee it was used for seeding E The lag 

wes y phase in Series E was prolonged for = 
at least days It should be noted 
Sea that tl neubation temperature for 
Kowa omparable to that for D se 
ries was seeded from Series E wh 
a K was still in the lag phase, and was ‘tees 
neubated at 20° ¢ In the ease 
+} law } to 1 for 
ieee at least 10 days = 
| 

| In view 
stage of f 

: 
Tae lag period and the rate of nitritation 

in the seeded substrate, it was decided 
to prepare a new group of series using 

Series A. D. and E. respectively, 
aie as in i, as shown in Table If. In 
a all of these, exeept E, essentially all : 
of tl NHN had been 
when Series G. H. I. J. and K were tion was accomplished in 6 days 
prepared These were incubated at hese results show nat tairiv con 

Bea Figure 2a shows a comparison of MMMM when the inoculum has 
a iE the five series. Series I, which was in | 
| oculated with C, showed verv little 
| tae | lag, if any, and virtually complete ni 1 
tritation by the 6th day G exhibited 
a short lag period of about 4 days, ) t to 
PS See but the action was complete by the . 
ith dat The other threes ved 
4 
sor vhat longer lag periods, but all 
Tae apparently ad completed nitritatior 
by the 10th to l4th day is! 
nl. per 1. from each of Series G, H, I, rate of nitrifi | 
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Industrial Wastes 


MINIMUM REQUIREMENTS FOR THE CONTROL 
OF INDUSTRIAL WASTES 


WASHINGTON STATE POLLUTION CONTROL COMMISSION 


igh titled as ‘‘requirements,’’ the practices outlined her 
res for in plant prevent on and reduction 
State Pollution Control Commission is 
blish such practices under its authority 
on eontroa 
‘nts were drafted 
orthwest Ars 
i, Idaho, Oregon, 
Alaska The Con 
Washington State Pollution Control Commission and Kenneth H 


Pollution Control 


Foreword The true value of these measures, how 

Pollution Control Law of 1945  @¥er, 18 in the reduction of the pollu 

d in the Pollution Control Com tion load on public waters or on the 
in the power to adopt, prescribe, operation load applied to municipal 
pron uleate the rules. reculations sewage treatment facilities in case the 
standards necessary to earry out industry has aceess to the municipal 
rposes of the Act. It is the 
shed pohey of the Commission 


svstem 

The minimum requirements listed be 
judgment and reason in the low are designed ring about mor 
thi eareful industrial operation to 


if the provisions of 


yromote waste reve Te of 
pply cooperative measures — Pron va prevention lo be of 


e possible to obtain the most value they must be, and are, ap 


eusary and desired results plied on an industry-wide basis and as 

he wastes from indu such will constitute a fair and reason 

by man times that resu o able means of reduciny industrial pol 

tron domestic sewage One of } HUTION It is expected that in some 
reasons for this high pollution load is these measures will not be suffi 


of understanding on the part olve a pollution problem and 


n industrial management of that further reduction by waste treat 


if industrial pollution ment will be necessary. However, 

load contributed by in waste treatment will not be required 

in b eliminated bv eareful until wast prevention has been viven 
ns and comparatively inexpen a fair trial 

‘prevention measures. Waste The staff of the Commission is avail 

have been known t: able to diseuss the various problems 

ertain industries. created by these regulations. Plans 
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for installations to be used to comply 
with them must be submitted to the 
Pollution Control Commission for ap 
proval before they are constructed. 
In this way the experience of the staff 
will be made use of in providing effee- 
tive facilities. 

Waste materials resulting from waste 
prevention measures as provided for 
by the minimum requirements below 
must be disposed of in such a manner 
as to insure that they will not, either 
directly or indirectly, enter any State 
waters, 

The following definitions will apply 
to terms used herein: 


Industrial wastes are the water-borne 
wastes resulting from industrial proe- 
esses or from the development of a 
natural resource. 

Waters of the State includes all 
rivers, streams, ponds, lakes, inland 
waters, underground waters, salt wa- 
ters, and other surface waters and 
water courses within the jurisdiction 
of the State of Washington. 


Minimum Requirements 


Slaughterhouses and Meat Packing 
Plants 


1. Yards and holding pens shall be 
dry cleaned before washing down. 

2. Kill blood shall be separately col- 
lected and the blood thoroughly 
squeegeed from the floor into the col- 
lection tank. The disposal, or utiliza- 
tion, of the blood thus ecolleeted will 
depend on local facilities, but must be 
accomplished in a manner which con- 
forms to sanitation regulations. 

3. Paunch manure and hog stomach 
contents shall be collected separately 
and used as fertilizer, land-fill, or in 
any other satisfactory manner. A fine 
screen is recommended wherever its 
installation is feasible. 

4. Fleshings, grease particles, and 
other solid material shall be collected 
by dry cleaning of floors and screening 
of wastes. 
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5. Adequate grease recovery basins 
shall be installed on drain lines from 
by-product processing rooms. These 
traps shall be skimmed and cleaned at 
least once each day. (Note: In the 
larger plants it is recommended that 
small basins be located wherever high- 
grade greases can be recovered in sig- 
nificant quantity and that a main basin 
be installed on the main drain line. 
Wastes not containing grease should 
be by-passed around the basin.) 


Poultry Killing and Packing Plants 


1. Provision shall be made for the 
collection of blood from the killing 
and bleeding and for the disposal of 
this blood in a satisfactory manner. 

2. All manure, feathers, entrails, 
and other material removed from the 
earecass of the fowl shall be collected 
and the floor and equipment thor- 
oughly dry cleaned before washing 
down. Provision shall be made for the 
proper disposal of this material. 


Milk and Milk Products Plants 


1. Whole milk, skim milk, butter- 
milk, whey, condensed milk produets, 
dried milk products, or spoiled milk 
or milk products shall not be dumped 
or otherwise allowed to enter a drain 
line which leads, either directly or 
indirectly, to a State water. 

2. Mechanical can washers, both 
straight-line or rotary, shall be 
equipped with a drip collector and the 
drip milk collected and disposed of 
in a manner which conforms to sani- 
tation regulations. 

3. Milk or milk products left in 
sanitary lines, tanks, and equipment 
before washing shall be drained into 
suitable containers and disposed of in 
a satisfactory manner as_ directed 
above. It is recommended that these 
lines and equipment be installed to 
slope slightly to the point of collection. 

4. Leaks in pumps, pipe lines, and 
other equipment handling milk or milk 
products shall be repaired as rapidly 
as possible, 
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by agreement with the Pollution Con- 
trol Commission. 

3. Spent hops shall be collected and 
disposed of as fertilizer, dumping on 
land, incineration or in some manner 
as to prevent this material from enter- 
ing State waters. . 

4. Methods shall be devised for the 
separation and recovery of the yeast to 
prevent its entrance to the liquid waste 
drains. 


Saw Mills, Veneer Mills, and Other 
Wood Handling 


1. Sawmills and veneer plants lo- 
eated in close proximity to any water- 
way should take the following preeau 
tions in the disposal of waste sawdust, 
bark, slabs, and trimmings: 

A. At the mill site, wastes should 
be kept out of any adjacent 
waterway and should be kept 
above the high-water mark and 
not in such a place that they 
will later be washed to the 
water. (Note: Underwater cut- 
ting is the cause of a consid- 
erable water pollution problem 
due to the formation of banks 
and piles of sawdust in the 
water. It urged 
that this practice be discontin- 
ued on an industry-wide basis, 
or that the area where the cut- 
ting is done be confined and 
the accumulated material dis 
posed of on land.) 

B. If debris is to be burned, a 
properly constructed burner is 
to be and 
given to the following: 

(a) The burner should be well 
enough away from the 
water or other provisions 
be made, so that unburned 

will not 
from the burner. either on 
the ground or through the 
air to the waterway 

b) Chutes which eCTOSS a 
waterway when leading 
from the mill to the burner 


is strongly 


used consideration 


wastes escape 
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should be constructed in 
such a manner that wastes 


will not fall from the 

chute to the waterway. 
Burned-out sereens and 
sections should be patched 
or replaced. 
Chutes carrying wastes to 
a burner under forced 
draft should be deflected 
downward or passed 
through a hopper or a 
series of baffles so that fine 
sawdust will tend to settle 
to the fire and not be car 
ried out the screen. 

C. Sawmills which truek sawdust 
and slabs away from a mill site 
should have these wastes 
dumped away from waterways, 
and in no case should sawdust 
and slabs be dumped below the 
high-water mark of the water- 
way or in such a position that 
they may be later washed or 
leached to the waterway. 

2. When log ponds are located near 
water 


(d) 


following 
tions should be observed: 

A. No log pond should be located 
in such a manner that the en 
tire stream flows through the 
log pond. 

B. The overflow should be regu 
lated in that the 
amount of sawdust, chips, and 
suspended materials that reach 
the waterway 
minimum 

C. Log ponds should be cleaned 
by dragging 


courses, the precau 


such a way 


is reduced to a 


and dredging, 
rather than by flushing into a 
stream or river. 

3. The sanitary and other provisions 
of the State and County Health De- 
partments regarding logging and mil- 
ling in watersheds above sources of 
drinking water supplies are to be ecare- 
fully followed: 

A. Permanent 
nent camps 
sanitary 


and  semi-perma- 
should provide 
facilities, including 
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septic tanks and chlorination 
where necessary 

8. Septic tanks are to be cleaned 
by pumping and dry land dis 

sludge rather than 


posal of 


flushing these tanks to the 
waterway 
Yarding logs 


streams should be carried out 


Across small 


with due consideration to the 


amace caused to down-stream 


water users 


Oils and / ihe rial 


] «6refers to the following 


a) Oils used for heati 


i or power pro 


etion: (b) oils used for lubrication; 
oil emulsions used for eutting or 
oo] ny p Irposes ; ad troleum le in- 


iw fluids; (e) any other petroleun or 

asphaltic base compounds 

Cargo and Passenger 

A. Bilge or ballast water, waste, 
or other material containing 

oil in any amount whatever 

shall not be dumped or other 

from 


wise allowed to discharge 


earvo or ships into 


passenger 


State 


the waters of the 
Bb. When 
wharf connes 


loading oil, ship-t 


tions shall be sucl 


as to prevent leakage and the 
vil into the 


1 


discharge of waters 


Every precaution shall be 
taken te prevent accidental 


spills from either ship or shor 


facilities and to hold and re 


over such spills as may occur 

OU Transportation Equipment 
\. Tankers railroad tank cars 
tank trucks, or other facilities 


used for the loading, unload 


ng, and transportation of oi! 
shall be equipped for the col 
lection of the drip from 
r other connections and thi 


excess oil eontam nN hose ind 


}) lines, wherever there 18 


i 
possibility that this 1 will 
find its way, either direct I 
ndirectly nto a body of 
vater Provision sha | 


Wi 
trial operations should be collected in 
containers for 
emulsions 


and 


iste 
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n 


tool cutting should be 
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made, also, for catching acci- 
dental spills, and these facili- 
ties shall be of such a capacity 
hold the 


tity of 


as t maximum quan- 
oil possible from any 
one spill 
Re undhouses shall be provided 
for the collection of all oil and 
oil-and-water mixtures and an 
adequate separator shall be in- 
stalled for the separation and 
both light and 
heavy oils from these mixtures 
separators shall be 


operated in such a manner as 


These 
to assure their maximum effi 
‘reney, 
lustry—Wherever practical, all 
] 


ils and lubrieants from indus 


disposal. Oil 
machine 


proper 
used for cutting 


collected, 


treated. and reused wherever possible 


In event that 


down and th 
disposal The 


processes, 


these emulsions are dis 


the emulsion must be broken 
oil recovered for proper 
from 


general wastes 


if they contain oil, must be 


first passed through an adequate and 
well-operated oil separator before be 
ing discharged into the waters of the 
State 


Se rvice Stations rvice 


Stat ions 


with direct outlets to a body of water 


shall not diseard oil to that water or 
so dispose of it in such a manner that 
it will be washed into the waters by 

6. Municipal Sewers—Officials — of 
ties, towns, and sewer distriets are 
directly responsible for the control of 
il discharged from their respective 
sewerage systems. It is strongly urged 
that ordinances be passed which will 
make it unlawful to dump or otherwise 
discharge oil into these sewer svsti ms 


re 
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the production of nuisances or hazards. 
The location of disposal points shall be 
such as to eliminate any possible pol- 
lution of either surface or underground 
waters. 

8. Immediate Action — Immediate 
steps shall be taken in case of an acci- 
dental spill to prevent the spread of 
the oil and to remove it from the water 
surface as completely as possible. (For 
large spills, booms of logs have been 
used to keep the oil from spreading. 
The oil may then be pumped from the 
water surface. Oil resulting from 
small spills and that remaining after 
pumping the larger spill can be re 
moved by the use of old burlap, mat 
ting, or sawdust. These materials are 
then burned.) 

%. Reports—In ease of an accidental 
oil spill of an appreciable magnitude 
the party responsible shall make a full 
and complete written report within 3 
days to the Pollution Control Commis 
sion. This report shall inelude the 
reasons for the accident and the pro 
visions to be taken to prevent its re- 


Tanneries 


1. A sereen will be provided for the 
wastes from the beamhouse and all hair 
and fleshings will be removed and dis- 
posed of in a satisfactory manner. As 
a rule 1\-in. round openings will be 
satisfactory for the screen for this pur 
pose 

2. Lime sludge will be removed in as 
dry a manner as possible. If the lime 
is flushed out of the vats, ponds or 
settling tanks will be provided for the 
removal of the major portion of the 
lime from the wastes before it is dis 
charged. In some cases, the water 
which eolleets above the lime sludge in 
the vats can be removed and the lime 
either shovelled or pumped to land or 
to ponds. 

5. If the tannery uses vegetable tan 
liquors, this liquor should be mixed 
with the beamhouse wastes and settled 
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in a pond or tank before the waste is 
discharged. Under some conditions it 
may be allowable to store the liquor in 
a tank and discharge it over a long 
period of time. It should never be 
discharged in a batch. 

4. It is desirable under most condi 
tions where chrome liquors are used 
for tanning to also mix these liquors 
with beamhouse waste and settle either 
in a pond or tank before discharging to 
a waterways 


Beet Suqar Factories 


1. An effective sereen shall be pro 
vided for the factory and process 
wastes from the manufacture of beet 
sugar. The screenings will be removed 
and disposed of on land or in any other 
satisfactory manner. It is suggested 
that the slot openings of the sereen be 
1, in. by % in 

2. Steffens waste shall never be dis 
charged to a State waterway. This 
waste must either be evaporated of 
ponded. In the latter case, it will be 
necessary to make arrangements with 
the Pollution Control Commission for 
the discharge of the ponded waste 
under controlled eonditions, and dur 
ing high-water periods. 

3. Settling ponds shall be used for 
the removal of settleable material from 
factory and process waste. It is sug- 
gested that short-period ponds, con 
structed to operate in parallel, are 
more effective than large ponds oper- 
ated in series. Certain of these ponds 
will be used until the material which 
settles starts to decompose. The waste 
will then be directed to other ponds 


Coal Washeries 


1. Effective ponds will be provided 
for the removal of fine coal and dust 
before the wash waters are discharged 
to a stream. The detention period in 
the ponds will be as long as is possible, 
and will be established by agreement 
with the Pollution Control Commis- 
sion 
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Vetal Industry 


1. The wastes from metal industries 
hye 


- corrected to a pH value within 
imits of 6.0 and 9.0 
oneentration of toxic material 
rulated to come below the 
| to those ma 
instance, in the case of 
neentration shall not be 
as KCN. In the case 
concentrations shall not 
pp.m. Other tolerance 
e metals, fluorides, ete., 


will be established at a later date 


Pulp and Paper Mills 
the serious- 
uor prob- 
the dis- 
is waste will be handled in a 
separate item and will not be included 
in this statement of minimum require 
ments. The following minimum regu 
lations apply to the formation of the 
pulp sheet an paper and board 

production 

made either by 


machine 
0] per cent of production 


Bark and knotty rejects shall be 


kept entirely out of State 


: 
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ag Gravel Washeries 
ts 1. Effective ponds will be provided 3 
for the removal of sand and silt from sha 
ra was nes before the wash water the 
discharged to a waterway The di 2 
tention period ¥ ll be as long as 1s pos Wiil ay 
ble and will be establ shed DY tole 
ment with the Pollution Control ter 
aby 
Flar Processing of 
The waste from ti processing ol 
4 flax will be impounded and discharged — 
Ae ‘+ hich stream flows and under cond ee es 
‘ tions ntrolled by the Pollution Con a 
trol Commission 
Dehudration, Potatoes and Fruits 
a 1. In cases where the skins of the po ah 
ie tat or Truits are re moved by means : 
. of abrasive equipment, a sereen will be or 
i for the eolleetion of this ma 
il and it removal trom the Viale! 
before a harge 
a) 9 In case lime is used for the r | be 
4 moval of skins, the waste Trom the pro | aa 
hall be ponded and discharged 
ql ment with the Pollution Control and/or by closing, or part | closing, Pent 
| ! res, and rejects shall 
ret in as dry a condition operatior | 
possible and disposed of in such a man 
ve 
tag 


THE CHARACTERISTICS OF WASTES FROM 
CHICKEN PACKING PLANTS * 


By H. HevkKecexian, H. E. Orrorp, anv J. L. Carerry 


Respectively, Professor and Research Specialist in Sanitation, and Assistant Professor and 
Assistant Research Specialist in Sanitation, Rutgers University; and Veterinarian, 
Delaware State Board of Health 


At the request of the Delaware State 
Department of Health, a cooperative 
study was undertaken for the purpose 
of ascertaining the nature and scope 
of the pollution problem arising from 
the wastes of chicken packing plants 
in Delaware. The investigation was 
of a general and preliminary nature 
and entailed studies of the plant proe- 
esses, the strengths and flows of the 
various wastes, the effect of. different 
types of treatment, and the effective- 
ness of existing waste treatment fa- 
cilities. 


Description of Processing 


A chicken packing plant is a mecha- 
nized slaughterhouse, in which the 
chickens are killed, bled, picked, 
cleaned but not eviscerated, chilled, 
and frozen for shipment to retail out- 
lets. Chickens so prepared are known 
as ‘‘New York dressed’’ chickens. 

Chickens are received at the plant 
daily, and are kept in 4-tier, 16-com- 
partment, movable, wire coops or bat- 
teries for about three days before 
slaughtering. Each battery houses 
approximately 100 birds, which are fed 
and watered. 

The wire batteries have metal pans 
under the three top tiers to catch the 
droppings, whereas the bottom pans 
are left off and the droppings fall on 
the concrete floor. Continuous streams 
of water from hoses keep the floors 
clean and also raise the humidity in 
the structure. 

* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University, New Brunswick, N. J. 


From the feeder station the batteries 
are delivered to the killing room, where 
the chickens are hung by their feet on 
a moving overhead conveyor, which 
handles 30 to 150 birds per minute, 
depending on the plant. The chickens 
then pass through the following opera- 
tions : 


1. The throats are slit with hand 
knives 

2. The conveyor passes over a pit 
where approximately half the blood is 
drained and collected (about 1 oz. per 
chicken). 

3. The chickens then pass through 
a long trough-like scalder, where hot 
water is constantly recirculated and 
continuously made up with fresh water. 

4. The birds are then defeathered by 
mechanical pickers having rapidly ro 
tating long rubber fingers, which beat 
and pick off nearly all the feathers. 
The few remaining feathers are picked 
by hand. 

5. The conveyor next dips the birds 
in a tank containing a special molten 
wax, and then passes through cold 
water sprays, which set the wax. 

6. Workers then strip off the wax, 
removing all the pin feathers from the 
chicken. The wax is refined and re- 
used. 

7. After stripping, the conveyor 
passes through an automatically ope- 
rated singeing machine. 

8. From the killing room the chick- 
ens pass to the packing room, where 
they are automatically sorted by 
weight and placed between layers of 
ice in 100-gal. hogsheads. 
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holding ; ; les; also wax chilling water, 

th clean watet as little or no pollutional sig 
ean 

+. Packing Room:—The wastes from 

packing room consist entirely ot 

dumped from the hogsheads 

all volume of floor washings 

vhich are comparable to 

are of small pol- 


omprise a 


part of the total plant flow 


Sources of Waste ‘omposited samples of waste were 
from for analysis and experimental 

Two or three samples were pro 

erent occasions from each 

and one sample from a 

fourth plant 


The methods of operation at the four 


plants studied are as follows 


waste are extren 


ind are determined mainhy | 

hoses left continualls 7 ils 600 

the floor washing Manually 28 800 

operations lechanicall 18,000 
2 Ratt Washing: 
battery was 


one the whole batters 


» weight 3 Ib. each 


manually Results 


removed, 
and batteries — . The flow from the different opera- 
tions and ¢] total flows from the four 
en in Table on the basis 
live weight) killed. The tabu- 
100 eal battery aly ed on the basis of battery 


shing most 


and does not ¢ 
id exception of plant D, 
the vot } } J 
lume ri a mechanical method of 
gal. per batter) ; Wi iw batteries, the volume of water 


y washing and 

varies from 1,000 to 

make-up wat vr 1,000 chickens killed 
about va pel Phe olume waste produ ‘ed from 
hieken pet ling and picking room operation is 
This waste ntain smaller tl hat produced from bat- 
from washings and feeder stations with 
Waste are floor was! xeeption of plant C, where appar- 


] » ‘ 
blood. Le; ‘ larve umes are used for this 


100 e«hiekens. is filled v 
and the birds are 
hr. to remove the body 
the internal tempera 
1° 
10, The hogsheads ar 
ind the chickens ins! 
the birds are icepac 
large 
owing p 
CONSISTS ¢ 
to the floor, approximately one-fourt] 
8 
ek the manure is collected at this point 
and enters the liquid waste system Batt Battery Chickens! 
rhe \ nes Of — per Day 
Ate 
ig 
is 
Bi 
ic 
manure is collect | 
the liquid wast 
from 100 to 150 
waste from tl 
comes Lrol the 
Convevol bine 
blood and att 
Other sources of 
{ 
| 


Battery Not Scraped 


Plant A 


Battery washing and feeder | 1,250 


station 
Killing and picking room 330 
Packing room 1,040 
Total flow 2,620 


13 lb. average live weight. 


operation. Packing room wastes con- 
tribute as much flow as the wastes pro- 
duced from battery washings and 
feeder stations. The total flow varies 
from 2,620 to 7,000 gal. per 1,000 
chickens killed, but if the 5,000 gal. 
produced from killing and picking 
room at Plant C is reduced to the 
volumes comparable to those in the 
other two plants the range of varia- 
tion in total flow would be in the order 
of 2,620 te 3,430 gal. per 1,000 chickens 
killed. 


Suspended Solids and B.O.D. 


The suspended solids contents of the 
wastes from different operations are 
given in Table If. At plant A, where 
battery scraping is not practiced, the 
suspended solids from this source are 
extremely high. In plant D, where 


batteries are not scraped but are 
washed mechanically with about twice 
the volume of water, the suspended 
solids concentration is not higher than 


| 
| 


Source 

Plant A 

Battery washing and {S.S. 14,480 

feeder station \B.0.D. 7,575 

{S.S. 1,697 

Killing and picking room \B.O.D. | 1'208 

{S.S. 
ac ‘4 

Packing room B.O.D. | 
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TABLE II.—-B.O.D. and Suspended Solids, in P.P.M. 


Battery Not Scraped | 


TABLE I.—-Average Flow, in Gallons per 1,000 Chickens ' Killed 


Battery Scraped 


Plant D Plant B Piant C 
2,500 1,430 1,000 
570 | 5,000 

1,430 1,000 


3,430 7,000 


at plants B and C, where batteries are 
scraped. Naturally, the amount of 
suspended solids contribution from 
plant D is nearly twice as high as that 
from plants B and C. Similarly, the 
B.O.D. from battery washings was 
highest at plant A, where batteries are 
not scraped. It was relatively low at 
plant D, where batteries are not 
scraped, because of the large volume 
of water used in the washing opera- 
tion. At plant C, where batteries are 
scraped more carefully taan at plant 
B, the B.O.D. was less than one-third 
of that at plant B. The suspended 
solids at plants A and B from killing 
and picking room wastes were about 6 
times as high as those at plant C, where 
much greater volumes of water are 
used in this operation. The B.O.D. 
from the same operation varied in the 
same order as suspended solids, being 
lowest in plant C. The packing room 
wastes are relatively low in suspended 
solids and B.O.D. The battery wash- 


Battery Scraped 


Plant D Plant B Plant C 

| 4380 | 4815 | 3,820 
| 1,800 3,835 1,185 
1,482 257 

1,730 | 321 

| | 272 83 
309 132 
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ling and picking room 


veigtit 


ings and 


feeder station contribute the 


intitv of 


largest qui 


and 


solids 
killing and 
finally by 


suspended 
followed by 
and 


room. wastes, 


room wastes 
and 


from 


inds_ of sus 
ds produced 
at the different plants are 

III. The 


om batters 


Various 


vreatest load 
washings 
unscraped battery 
total load of suspended 

at different 
158.1 Ib 


espe 


wash 


plants 
1.000 ehiekens 
where batteries are 


per 


ries are seraped fairly well 


tl B.O.D. load produced 

a maximum of 84 Ib. per 

1,000 chickens killed at plant A to a 
f 24.5 lb. at plant C. The 
of the total suspended 
B.O.D. contributed by bat 


at different plants illus 


minim 


ferent way the importance 


scraping in the total pollu 


duced 


B.O.D. and 


effluent 


INDUSTRIAI 


WASTES April, 


1950 


B.O.D. and Suspended Solids, in Lb. per 1,000 Chickens ' Killed 


B are given in Table IV. 


were obtained (a by 


These values 
making a mix 
ure of wastes produced from the dif 
‘ent operations on the basis of vol- 
ime percentages in which they are pro 
duced and (b) by 


calculation from 


determinations of individual compo 


nents The two methods check closely 


Ri 


‘ 
al of Solids by Screens 


study 


tained 


was made of removals ob 
wire baskets of the bat- 
tery washings from plant B. A sample 
was obtained of the screenings removed 
and drv_ solids 


content determined. 


TABLE Comparison of Artificial Mixture 
Made on the Basis of Flow with Calculated 
Values Obtained on the Basis of 
Individual Wastes Analyses 


2,364 
2,010 


of material removed daily 
to be 
yd. Samples of influent and 
from the 


ana 


baskets was estimated 


effluent baskets were also 


suspended solids remov- 
als determined. The 


results were as 


follows 


24 
Rattery Not Seraped Hattery Seraped 
Plant A Plant D Plant B Plant 
eee Battery and feeding statior 15] 4] 57 32 a 
ing and p Ling ‘ ‘ ‘ 
Suspended Pa King, room 2.4 3.2 0.7 
158.1 67.2 14.4 
3.3 8.1 13.4 
Packing room 3.7 1.1] 
- 
— 
piening 
packing 
: 
viven in ‘I | 
is derived i 
clally 
ings 
solids pro 
varies from 
killed at plant A, 
not seraped, to 444 t 
Artificia Cal ated 
tery was tet 
Suspended solids (p.p.m 2,417 bat 
batt B.O.D. (p.p.m 2,300 
Miant by ft he | 
\ 15.5 03 324 eu 
72.5 11.5 
solids of the total from plant 
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Volume removed by baskets (cu 


yd./day 33% 
Net weight removed by baskets (Ib 
day) .. 6,230 


Dry content of materials removed by 
Dry content of materials removed 
Susp. sol. in basket effluent (lb./day) 1,925 
temoval caleulated from materials in 


Volume of battery washings (gal.) .. 48,000 
Suspended matter removed (caleu 

lated) (p.p.m.) 3,640 
Suspended matter in basket influent 

(by analysis) (p.p.m.) 


Suspended matter removed (by an 
alysis p-p.m. ve 2,951 
Suspended solids removal (by an 
alysis) (% 36 


Qn the basis of materials collected 
in the baskets the calculations show a 
removal of 1,450 lb. of solids daily, or 
43 per cent of the input, giving a eal- 
culated removal of 3,640 p.p.m. On 
the basis of actual analyses of influent 
and effluent of the baskets a removal of 
2.950 p.p.m., or 36 per cent, is ob- 
tained. In view of the sampling 
errors, errors in estimating the volumes 
of material collected by the baskets, 
and the assumption that the solids have 
a specific gravity of 1.0, there is good 
agreement between the values obtained 
by ealculation and by analysis of in- 
fluent and effluent samples. It is ap- 
parent that the installation of these 
baskets is justified for removal of a 
portion of the readily settleable ma- 
terials from battery washings. The 
efficiency of the screens can be in- 
creased by increasing the detention 
period. These screens constitute, in 
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fact, short period sedimentation tanks 
provided with a simple method of re- 
moving the solids. Other sludge re- 
moving mechanisms might be used, 
but because of the density of solids, 
removal by gravity or pumping would 


be difficult 


Removal of Suspended Solids and 
B.O.D. by Sedimentation 


The average percentage removals of 
B.O.D. and suspended solids from the 
wastes produced from the various op- 
erations are given in Table V. The 
suspended solids removals from battery 
washings are high (84.5 to 95 per 
cent). The lower value is obtained 
from scraped battery washings. The 
suspended solids removals from killing 
room wastes in plants A, B, and C 
varied from 86 to 47 per cent. Simi- 
lar variations were found in removals 
from packing room wastes (44.5 to 
75.5 per cent). 

B.O.D. removals obtained by sedi- 
mentation were lower than suspended 
solids removals. For battery washings 
the B.O.D. removals varied from 23.5 
to 44 per cent; for killing room wastes, 
from 19 to 37.6 per cent; and for pack- 
ing room wastes, from 20.4 to 33 per 
cent. 

The suspended solids removals from 
the total plant effluent were 80 per 
cent and B.O.D. removals 40 per cent. 


Volumes of Sludge Produced 


The volumes of sludge produced by 
plain sedimentation are given in Table 
VI. The maximum volume of sludye 


TABLE V.—Percentage Removal of Suspended Solids and B.O.D. by Sedimentation 


| 
Battery Not Seraped Battery Scraped 


Source of Flow Susp. Sol B.O.D Susp. Sol BOD 
Plant A D A D 
Battery and feeder station 95 Of 40 23.5 | 84.5 | 91 44 36.7 
Killing and picking room | 86 37.6 17 46,7 19 21.2 
Packing room - 75.5 | 44.5 
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TABLE VI.—Sludge Volume, in Ml. per Liter 


Batter t Batte 
Berape Ke 
Pient | A D B ( 
Hattery washing 256 | 320 102 | 51 
Killing and picking 20 30 5 
Packing roon 5 1.5 
20 ml. per liter) was produced from 
battery washings from plant D and the 
minimum volume (51 ml. per liter) 


from plant C Killing room wastes 


volumes varying from 5 
liter. Packing room 


least volume of sludge 


per 


The combined wastes gave a sludge 


volume of 47 ml. per liter 
and 


‘k the volume, quantity, 
compaction of sludge a 20-1. mixture 
was made artificially from scraped bat- 
vs and killing room wastes 
rtion to their The 
sludge volume produced after 1 hr. of 
120 ml liter 


of sludge produced 


ter washit 
flows 
sedimentation 


was per 


The total quantits 


was placed in a 2-l. cylinder and the 
rate of compaction studied. The fol 
lowing volumes of sludge were ob 
tained 
Initial 
Ini 2,400 1.9 
] 1.280 53.5 3.5 
2 1,200 50.0 3.8 
24 700 29.2 6.6 
The sludge volume decreased in 1 to 


half its original volume, 


to less than a third of 
After 24-hr 


” hr. to about 
and in 24 hr 


the original volume 


compaction the sludge contained 6.6 
per cent solids The ash content of 
tl idge was only 10 per cent of the 
dry matter 


Chemical Treatment 
d battery washings and killing 


floor wastes were treated with lime or 
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alum. Lime up to 9 lb. per 1,000 gal. 
had little effect on the 
suspended solids and B.O.D 
to 13 lb. per 1,000 gal 

stantial amounts of suspended solids, 
but little B.O.D 
of sludge were produced 
treatment of 


feasible 


removals of 
Alum up 
removed sub- 
very Large volumes 
For these 
chemical these 


wastes was not considered 


reasons 


Discussion 


Reduction in Volume of Wastes 


the cost of 
about by 
volume of 
itself will 
the pollutional 


Considerable Savings in 


ean be brought 
the 


measure by 


treatment 
reduction in 
Such a 


wastes. 
not re- 
sult in a reduction of 


load, 


a concentration of 


increase in 
From 
time and 


but does result in an 
the wastes. 
the standpoint of detention 
economies 


size of tanks, considerable 


could be brought about by avoiding 
It appears 
methods of 
batteries are employed, 


unnecessary use of 
that 


washing the 


water 
where 


mechanical 


larg lumes of water are used than 
by hand washing methods. There does 
not seem to be an appreciable differ- 
ence in the amount of water used in 
scraped and unsecraped bat- 
teries A figure of 1,500 eval per 1,000 
chickens killed weight 3 
lb.) used for design calculations 
of the flow from the battery washings, 
based on the most reliable figures ob- 

It might be possible to reduce 
further by better methods 
of scraping and washing the batteries. 
Another water is from the 
feeder station floor The 
amount of water used for washing the 


washing 
average live 


an be 


tained 


this figure 


source of 


washings. 


the manure 
tiers in the 
used to hu- 
If the manure can be 
from dropping on the floor, 


floors is dependent on (a 
droppings from bottom 
and (b) water 
midify the air 
prevented 
bv redesign of the batteries, the volume 
: the manure 


OL water used to remove 


fro floors ean be reduced. By 
installation of humidifying units, the 
use of water on the floors for humidi- 


fving the air can be eliminated. 
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Excessive volumes of water were ob- 
tained from the killing and picking 
room of plant C. The reasons for this 
A figure of 600 val. per 
1,000 chickens killed, based on plant 
B flow. can be used as a design basis 
This probably cannot be reduced 
vreatly, except for segregation of wax 
chilling water. If this were done, the 
wax could be sereened out from the 
chilling and the water dis- 
charged without further treatment 

Not much reduction of packing room 
wastes 1S possible because of the fixed 
flow from chilling barrels, but elimi- 
nation of continuously running hoses 
could reduce the flow 


are obscure 


water 


Reduction in Strength of Waste 


An immediate and imperative meas- 
ure to be taken for the reduction of 
strength of the waste is elimination of 
manure from battery washings 
from feeding station floors. 


and 
Complete 
elimination of manure from these two 
sources would be equivalent to a treat- 
ment plant with 90 to 95 per cent effi- 
ciency of suspended solids and B.O D. 
removal. On the complete 
elimination of wastes from these two 
sources, the suspended load 
would be reduced from 158 Ib. to 7 Ib., 
and B.O.D. load from 84 Ib. to 6 Ib. 
per 1,000 chickens killed. Killing and 
packing room wastes would then con- 
tribute suspended solids of 7 to 10 Ib. 
and B.O.D. of 6 to 18 Ib. per 1,000 
chickens killed. Complete removal of 
manure may not be feasible, but if 90 
per cent of the manure could be pre- 
vented from discharge into the sewer, 
it would contribute about 15 lb. of sus- 
pended solids and & lb. of B.OLD. per 
1,000 killed. Addition of 
these quantities to the suspended solids 
and B.O.D. contributed by the killing 
and packing room wastes would pro- 
duce a total waste with about 25 Ib. 
of suspended and the 
amount of B.O.D., as compared with 
158 lb. of suspended solids and 84 lb. 


basis of 


solids 


chickens 


solids same 


of B.O.D. discharged in present prac- 
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dal 


tice. That scraping the batteries, as 
practiced at plants B and C, does not 
remove all the manure is shown by the 
32 to 57 lb. of suspended solids and 
10 to 46 Ib. of B.O.D. contributed by 


battery washings and feeder station 
wastes at these two plants. Even at 
these two plants, the quantity of 


manure entering the must be 
reduced considerably before the 90 per 
cent reduction suggested above can be 
attained. It seems unjustifiable to add 
the manure to the sewer and pay heav- 
ily for its treatment. The manure 
after added to the sewer pro- 
duces larger volumes of sludge, thereby 
increasing the cost of sludge disposal 
facilities. The moisture content of the 
manure if seraped dry is lower than 
that of the sludge that forms from the 
battery settling. It 
imparts and suspended 
solids to the after sedimenta- 
tion, necessitating larger and 
costlier secondary treatment facilities. 


sewer 


being 


after 
B.O.D 
waste 


washings 


also 
thus 


The present methods of seraping the 
battery pans are crude and the opera- 
tion 


loss of 


resulting in needless 

The battery pans 
should be scraped as thoroughly and 
completely as possible, either manually 
or mechanically, without the use of 
water. After all the manure that can 
is taken off 
from the pans, water can be used to 
them. <A squirt 
spray wash, using 1% gal. of water per 
pan, could do the job. This water 
should be kept apart from the manure 
and also from the rest of the plant 
wastes, and can be discharged directly 


Is careless, 


manure. 


be removed in this way 


wash high-pressure 


toa digester. The battery pans ean be 
scraped mechanically by rubber fin 
vers or some other suitable mechanical 
means while being carried on a 
vevor belt 


The other source of manure, drop 
pings on the floor of feeder station, 
can be eliminated by using pans in the 
bottom tier. If this is not possible 
with present equipment, either the bat- 


teries can be redesigned or the floors 
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ean be scraped before washing. The 
manure collected could be dried in a 
entral drying plant, which would 
packing plants in the area 
The dried product can be sold as fer 


tilizer If this cannot be done the 


11 ‘ 


manure collected can be spread on the 
fields in its wet condition 
Considerable reduction in B.O.D 
be effected by keeping as much 
t of killing room wastes as 
Dripping of blood on the 
hould be prevented, and the 
blood removed before floor 
to the drains. Screens to 
feathers and wax before they 
the systems are necessary} to 
ite difficulties im the operation 
quent treatment units. He 
n strength of packing room 
s not essent al, as these wastes 


ute only small amounts of sus 
d solids and B.O D 


yat n of Wastes 


ter the Improvements are made 
nate as much waste as possible 
ittery and floor washing, there 
till ye some waste originating 
these sources. The strength of 
wastes will depend on the meas 
aken and is diffieult to predict 

onal materials contained in 
istes should be treated together 

killing and picking room 

} wastes have settl able 
d B.O.D. and in best be 


d in combination by the sam 


For partial treatment, it might 
rable to segregate the pa ng 
tes from the rest of tl low 
flow from the packing roon Ss 
erable, and the waste 1s 
weak ana in sett il 
Kor mplete treatment, how 
room wastes shouid be 
i with the rest of tl plant 
ain Wastes 
ba screens are effect n 
solids from battery was! 
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ings. Their necessity will depend on 
the effectiveness of the elimination of 
manure from battery washings and 
feeding floor wastes. When this 1s 
achieved there will be little need for 
them Under present conditions of 
manure losses, either with or without 
scraping of the battery pans, they have 


a useful function 


Plain Sedimentation 


The minimum treatment of wastes 
arising from chicken packing plants 
should be plain sedimentation Sedi 
mentation is also nec ssary in conjunc- 
tion with secondary treatment. Ex- 
pected removal by sedimentation is 89 
to 90 per cent of suspended solids, if 
battery washings contribute a great 
deal of manure, and 60 to 65 per cent 
when most of the manure is eliminated 
from the waste. Not more than 30 to 
3o per cent B.O.D. removal is « xpected 
by sedimentation, whether manure is 


nt or not 


Secondary Treatment 


As a part of the general program of 
alleviation of pollution and nuisances 
ereated thereby, secondary treatment 
of the waste is necessary Of the dif- 
ferent possibilities available, high-rate 
‘kling filters are most feasible and 
economical. Sand filtration is not suit 
able because of the clogg 


that will arise the high cost of eon 


ng problems 


struction, and the large areas required. 

The quality of the effluent will be 
affected directly by the strength of 
the waste to be treated, which in turn 
s dependent on the prevention of un 
necessary losses of manure and blood 
It is difficult to pre dict 
what the quality of the effiuent will be 
without reference to the strength of 
treated If the sus 
pended solids of the waste are assumed 
to be 1,500 p.p.m and the B.O.D 
1,000 p.p-m., an SO per nt removal of 
suspended solids by sedimentation and 
an additional 80 per cent removal by 


high-rate filtration might be expected. 
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No laboratory experiments with trick- 
ling filtration of this waste have been 
performed, but in view of the observa- 
tion that, after sedimentation for 1 hr. 
there is additional removal of finely 
divided solids by further storage, it is 
expected that the removal of solids by 
trickling filters will be high. The high 
percentage removals by chemical treat- 
ment further confirm this view. On 
the basis of the above assumption an 
effiuent containing 50 to 100 p.p.m. 
suspended solids may be expected after 
high-rate filtration and secondary sedi- 
mentation. The B.O.D. of the effluent 
will be about 100 p.p.m. If a weaker 
raw waste is obtained by proper house- 
keeping as suggested, the quality of 
the effluent will be somewhat better. 
However, the greatest advantage from 
this action will be in the lower capaci- 
ties and sizes required for the different 
units. 

A flow of equalization pit ahead of 
the filters to permit 24-hr. operation 
of these units is essential to prevent 
temporary overloading of the filters 
and to keep the size of the filters at 
a minimum. 


Sludge Digestion 


The disposal of sludge from primary 
and secondary clarifiers is a major 
problem because the quantity of sludge 
expected is large and the sludge is 
highly putrescible. The recovery of 
the manure, which contributes the 
major portion of the solids, is, there- 
fore, very important from the stand- 
point of the cost of sludge disposal 
facilities. Observations on existing 
sludge lagoons have shown that the 
sludge digests readily. Under con- 
trolled conditions there should be no 
difficulty in obtaining satisfactory di- 
gestion. Open pits might be used for 
the digestion of sludge from primary 
and secondary clarifiers but, because 
of inadequate methods of adding and 
withdrawing sludge and supernatant 
liquor, it is not expected that these 
units can be operated properly and 


WASTES FROM CHICKEN PACKING PLANTS 


give satisfactory results. It will be a 
natural tendency to let the sludge ae- 
eumulate and fill up the tanks, and 
it will be diffieult to locate the super- 
natant liquor level. 

The digested sludge from the tanks 
can be drawn to sludge drying beds 
The sludge should be non-offensive and 
after dewatering and drying on the 
beds can be readily disposed of on 
fields without creating nuisance. 


Summary and Conclusion 


A survey of the pollution problem 
arising from chicken packing plants 
was made on a cooperative basis with 
the Delaware State Department of 
Health. The latter organization fur- 
nished the information regarding the 
processes and flows, and collected and 
delivered the samples. Laboratory an- 
alyses were made of the samples fur 
nished and experimental work was 
undertaken with the idea of determin- 
ing the amenability of the wastes to 
certain types of treatment. The re- 
sults warrant the following eonelu- 
sions: 


1. Flows from different plants vary 
within wide limits. Total flows varied 
from 2,600 gal. to 7,000 gal. per 1,000 
chickens (3 lb. average live weight) 
killed at different plants. The high 
value was due to the large volume of 
waste arising from killing and picking 
room wastes from one plant. With 
that exception the total flows vary 
from 2.500 to 3,500 gal. per 1.000 
chickens killed. Flows from battery 
and feeder station and packing room 
are higher than those from killing and 
picking rooms. 

2. The wastes received from the 
same plant at different times, and from 
different plants, vary in strength. 

3. Major portions of the B.O.D. and 
suspended solids are derived from bat- 
tery washings (manure). 

4. Scraping the battery pans by the 
present methods reduces the pollution 
somewhat. 
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volumes of sludge were ob- 
sedimentation of the mixed 


» preponderance of which 


a ie to battery washings. Serap- 

, , the batteries reduced the volume 
f sluds The sludge compacted 

ad to over 6.0 per cent solids after 

4-hr. storage 

10 The percentage ol ast in the sus 
: pend lids from the wastes and in 


sedimentation 
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WASTES FROM POULTRY DRESSING 
ESTABLISHMENTS 


By 


Sanitary Engineer, U. S. Public H 


During an investigation of water pol- 
lution in the Kansas River Basin (1 
numerous poultry dressing establish- 
ments were appraised to determine the 
amount of pollution produced. A pau- 
city of information regarding wastes 
discharged from poultry processing 
made it imperative that studies be con- 
ducted for the development of produe- 
tion unit pollutional factors. Studies 
were made over the operating cycle of 
several poultry dressing establishments 
to develop unit production pollutional 
factors 


Method 


Several plants were selected and in- 
formation on production figures, water 
consumption, and plant operation was 
collected from plant officials and oper- 
ating personnel. The feasibility of 
sampling was investigated and, where 
necessary, discharge lines were cleaned, 
additional valves and meters were in- 
stalled, and extra records were devel- 
oped for the study. 

The usnal procedure was to establish 
a flow gaging station, installing a weir 
whenever possible and check waste dis- 
charges ayainst water meter readings. 
Survey personnel were then assigned 
specific posts and duties so that meters, 
weir readings, flow measurements, and 
sampling were coordinated at 15-min. 
intervals throughout the entire period 
of operations. Individual samples 
were composited according to flow to 
secure «a representative discharge. 
Composite samples were stored in an 
iced container throughout the sampling 
period and while enroute to the labora- 
tory 
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Laboratory analyses, which were per- 
formed according to ‘‘ Standard Meth- 
ods’’ (2), consisted of the following 
determinations: 


1. pH 
2. B.O.D. (standard 5-day, 20° C.) 
3. Suspended solids (total, fixed, 
and volatile 
4. Turbidity 
5, Chlorides 
6. Alkalinity 


Description of Process 


Poultry dressing establishments act 
as receiving stations for the birds, and 
provide for their slaughtering, dress- 
ing, and packing. The plants studied 
employed from 7 to 51 workers and op- 
erated from 4 to 7.5 hr. per day. Nor- 
mal operation, provided enough birds 
are on hand, is an 8-hr. day plus 1 or 
2hr. for clean-up. Most establishments 
show a seasonal variation in production, 
with the peak developing during the 
late summer and extending into Novem- 
ber and early December. 

At the start of operations the poultry 
batteries are taken from an adjoining 
storage space to where the birds are re- 
moved and suspended from shackles on 
an endless chain leading to the killing 
floor. After being stuck, the birds pass 
through a seald tank and then to the 
roughing machines, which remove the 
feathers. Several types of roughing 
machines are employed, according to 
the portion of the bird being cleaned, 
such as neck, leg, and wing machines. 
Some plants utilize a wax dip for the 
removal of the finer and pin feathers, 
the birds being dipped into a hot wax 
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ater spray and the 

hers removed by 

filteres 
Following this the birds ars 
ked and may then pass through 


following which they are 


‘full 


val of entrails, washing 


pack process in 


‘ 


nal packing 


Production 


y will 
om 4 to 4.5 lb. per bird, the average 
the four plants studied being 4.35 

This compares favorably to 4.5 lb 
Ohio River 
The 

‘New York pack’’ about 34 |b 
ran average shrinkage factor of 
Shrinkage for ‘‘full 


* will vary from 20 to 22 per cent 


vary on the 


averare 


bird reported in the 


Survey birds 


er cent 


» data are shown in Table I 
number of employees per 
Table 


employs PAS 


is presented in 
of 14.5 


pack’’ 10,000 Ib. of b 


Sources of Wastes 


from the st 


processing 


TABLE I.-- Weight of Birds, Live 


and Dressed 


Pollut 


luve 
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TABLE II..-Number of Employees per 
Production Unit of 10,000 Lb. Live 
Weight per Day 


pack 
pack 
Pull pack 
5% N.Y 


25% Full pack 


pack 


Receiving 

The birds are usually kept in storage 
until sufficient 
are received to permit a day ’s opera- 
Wastes consist of 


overnight, or numbers 


manure from 
the batteries, waste feed make-up, and 


tion. 
floor washings. Many plants eliminate 
manure from stream pollution consid- 
trucking it 


erations by to a dump. 


Other plants clean the batteries by 
scraping the waste to a sump and flush- 


ing it to the sewer 


Killing Fl 0r 

Most plants allow the blood to eoagu 
late, thereby 
after con pletion of operations 


be taken to 


permitting its removal 
It may 
a dump, to a rendering 


plant, or may be sold or given 


for fish bait 


away 
Obviously some blood in 
all plants reaches the sewer, whereas a 
of it all in 


few establishments dispose 


that fashion 


Seald Tank and Roughing Machines 


The seald tank is made up with boil 


ing wa erations and main- 
A constant 
water enters the tank 


ter prior 
mperature 

and 
‘flows, usually to a floor drain. 
blood and 
‘tank water as the fowl 

through. The 


the e1 d ot 


miscellaneous matter 
pass vat is dumped at 
and a 
discharged 
with 


‘ontinuous water sprays discharging to 


operating day 
highly polluting 
The roughin 


ity processes 


waste is 


operate 


noor arams 
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Phe rds are packed without evis 26 4 : 
ceration in the so-called ‘‘New York 
pack.’’ The D 15.8 | 
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prod II 
An avera may 
“New York ircis 
per das 
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‘Springers, 3.18 |! fowl, 4.45 | 
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Poultry Dressing Wastes per Production Unit of 1,000 Lb. Live Weight 
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TABLE III. 
| Analy+es (p.p.o 
Waste Flow | 
. gal. per unit) |— 
B.O.D. | Sus. Solids 
| Plant A 
N.Y. pack 435 | 997 | 960 
| | 
Plant B | 
pac k 1,850 | LATA 1,520 
Plant C 
N.Y. pack 45 1,070 1,052 
Plant C 
Evisceration and 202 1,560 640 
packing | | 
Plant D 
75% N.Y. pack 1,150 200 H02 
25% full pack 
2,200 2,730 1,460 
6.7 92,000 
Waring 
Most of the wax is reclaimed. In 
most instances the feathers are taken to 
| adump. Wastes consisting of wax and 
ortee feathers reach the sewer inadvertently. 
Evisceratu n 
When poultry is drawn, blood, bits 
sr of fat, and meat scraps are washed to 
waste Obviously, entrails should 
Be never be discharged to sewers, although 
pe this practice may be encountered ocea- 
| sionally. 
Viscellaneous 
; The crop is milked by puncturing. 
; and its contents are removed. Usually 
es the waste drops to a container to permit 


easv removal, although occasionally 
this waste may reach the sewer 


Wash 


oor clean-up may also contain consid 


waters and equipment and 


erable wastes. 


Sewered Poy yuiv 
per Unit 
Reroarks 
BOD Sus, Solids 
22 | 17 | Most blood saved 
136 117 | Cooling water; 2 days’ ma- 
| | “hure to sewer; most blood 
| saved 
29 23 Some blood to sewer 
14 5 | Kill shown above drawn 
17 24 Cooling water; minimum 
| of blood 
300 160 Ohio River Pollution Sur- 
vey (3) 
30 Volume estimated 
Quantity and Character of Wastes 
The volume of combined wastes from 


the various plants is shown in Table 
IIT. 
are shown in tables IIT anc 
noted that the 
times the strength of domestic sewage. 


The analyses of combined wastes 
IV. It may 
be wastes are several 
The alkalinity and chloride analyses 
not in Table IV, as these 
substances in the water supply over- 


are shown 


shadow the amount produced during 


the process 


TABLE Laboratory Analyses 


Suspended Solids 


BO 

Plant | pH bidity 
| (p.p.m., 

Total | Volatile’ Fined 

O07 060 $20 140) 7.1 | 1,100 
B 1,475 | 1,520; 1,120 | 400! 7.5 | 2.200 
1,070 | 1.052 932 | 120 7.6 900 
( 1,560 640 400 10 6.7 
20) 502 106 | 06) 7.6 
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Receiving 

The discharge to sewers of manure 
from receiving and feeding stations is 
the largest single source of pollution 
from poultry dressing establishments 
However, this source of pollution may 
readily be eliminated by removing the 
material and dumping or returning It 
to the farms as fertilizer 

Plants A and B (Table IIT) had sim 
ilar operational methods, but the lat 
ter plant wasted manure to the sewer 
On the day of testing, approximately 
2-days’ accumulation of manure was 
lischarged, resulting in an increase of 
about 110 in the population equivalents 
per 1,000 Ib. live weight. Thus, it ap 
pears that the manure each day from 
1,000 Ib. of birds will approximate a 
population equivalent of 55 


Killing ‘loor 


The blood from the killing of the 
birds appears as the second largest 
source of pollution. Approximately 8 
per cent of the body weight of chickens 
may be blood (4 _ of whieh possibly 70 
per cent will drain. Therefore, for 
each 1,000 Ib. killed 56 Ib. of blood will 
be discharged A5 day BOD 
test of chicken blood showed 92,000 
p.p.m. This compares favorably with 
the 80,000 p.p.m. reported for chicken 
blood by Stoltenburg (5) and with that 
given by Bates (6) as ‘‘over 100,000 
p.p.m.’’ for packing plant blood. The 
resulting population equivalent is ap 
proxin atelv 30 per 1.000 Ib. live weicht 

Catching the blood for disposal by 
means other than sewerage will elimi 
nate this important pollutional factor 
Many plants remove the blood that co 
aculates and thereby eliminate a large 


part of this waste 


Seald Tank and Roughing Machines 


The scald tank receives considerable 
blood, some manure, and miscellaneous 
dirt that may wash from the feathers 
The tanks have a constant overflow and 
are dumped at the end of the day. The 
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pollution from this tank could be re- 
duced by extending the time the blood 
is allowed to drain from the birds. 
Wastes from the roughing machines 
‘ontain some dirt and feathers. Ade- 
quate screening on floor drains will pre- 
vent most of this material from reach- 


ing the sewer 


Waring 


Occasionally, wax and feathers in the 
sewers create difficulties. Although the 
B.O.D. may not be increased appreei 
ably, sewers and appurtenances become 
clogged. These substances also impede 


proper seware treatment plant opera 


tion, principally because they clog 
screens, weirs, nozzles, pumps, ete., and 
interfere with the proper working of 
settling tanks and digesters. 


Evisceration 

At one plant separate wastes were 
btaine d from the eVvisct ration process 
Results indicated a population equiva 
lent of 14 per 1,000 Ib. live weight 


Sewered Population E pui alents 


Table IIT shows the sewered popula 
tion equivalents for the plants surveyed 
and a value obtained from the summary 
table, Supplement D, Industrial Waste 
Guides—Ohio River Pollution Survey 

3 These are based on a per eapita 
discharge per day of 0.167 Ib. of 5 
day 90° C. B.O.D. and 0.2 lb. of sus 
pended solids. The population equiva 


it value from the Ohio River Pollu 


tion Survey Report probably refleets a 
difference in the type of operational 


methods encountered. It appears rea 


sonable that if the waste includes high 
oxygen demanding materials, such as 
accumulated battery manure and a por 
tion or all of the entrails, a population 
equivalent of 300 or more per 1,000 Ib. 
of live fowl handled may be realized. 
From Table III, the population 
equivalents shown in Table V for poul- 
try dressing practice in the Kansas 
River Basin area appear reasonable, 
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TABLE V.—Population Equivalents per 
Production Unit of 1,000 Lb. 


Live Weight 
Type of Process | B.O.D |Susp. Sol 
New York pack; no manure, | 
most blood saved | 25 20 
Manure per day } 55 50 
slood | 30 
Evisceration and final pack | 15 5 


pending additional studies, for the pol- 
lutional evaluation of poultry dressing 
plants. 

Pollutional Effects 


It would appear that poultry dress- 
ing wastes are similar to those normally 
encountered at slaughterhouses and 
meat packing plants and that similar 
treatment devices would take care of 
these wastes. Oxygen depletion, sludge 
deposition, and coloration are the prin- 
cipal effects of these wastes on receiving 
bodies of water. 
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HIGH-RATE TRICKLING FILTER OPERATION ON 


FORMALDEHYDE WASTES * 


By B. W 


Sanitary Engineer, Hercules I 


The Mansfield Hercules 


Powder 


plant of 
mpany produces synthetic 
constituent 
their 


resulting 


produets re 
The 
manufacturing 


} 
discharged 


resins and 


quired in manufacture. 
wastes from 
operations were originally 
into a small stream 
Rumford River. 


the enactment of stream pollution con 


without treatment 


known as the 


trol measures the problem of waste dis 
posal became paramount 
Late in 1946 


studies were 
rated at the plant to determine the 


inaugu 
mag 
nitude of the problem and methods for 
A report 


on this work has been covered in a pre 


its reduction or elimination. 


ceding However, it may be 


paper (1 
w some of this work so tha 


+ 


well to revic 
picture of the probl m 

may he pres nted 

contain varving 


amounts of ré formalde 


sin oils, dilute 
hyde, pentaerythritol, sodium formate 


phenol 


organic acids, and sanitar’ 
addition, the 
charges large quantities of uncor 
All of the liquid 
wastes are on the acid side, having pH 
below the methyl 
With the excepti 


sewage all are in soli 


se wart In plant cis 


aml 


nated cooling water. 


values dropping 
orange end point 
of the sanitary 
tion. The 
and partly in emulsion, depending 


oils are partly in suspens! 


process tions 
The or nal pli nt sewerave SV stern 
two ollection systems, ¢ 


for sanitary sewage and the other 
both contaminated and uncontaminat 


process W iste waters 


5,000 p.p.m 
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A study of the plant wastes indicated 
a total B.O.D. load of 2,000 Ib. per 24 
hr., with individual B.O.D. values rang 
ing from 300 to 10,000 p.pa Formal- 
dehyde concentrations ranged up to 
and were the major portion 
of the load. The total volume 
proximately 500,000 @.p.d. The 


ls and oils, as 


was ap 
quan 
tities present of rosin aci 


Well as pt enols. were 


variable, depend- 
Floor wash 


Ing on resin Man 


ings comprised mainly sodium formate 
ting from 

formalde 
ised about 90 per cent of the 


compound, the 


ind pentaerythritol 
spills and leakage. Beeaust 
hvde eompr 
and toxic 


load was a 


major concern was directed toward 


means for its destruction 


As a first step in reducing the pollu 


tion, treatment of the sanitary wastes 
was effected by installation of a septi 
tank lowed by chlorination with so 
dium hypochlorite 


Experimental Investigations 
Laboratory studies were made cover 
nethod of chemical 
truction of the 
This work showed that 


ing every Known 


treatment to provide des 


formaldehyads 
satisfactory treatment, 


standpoint of either economy 


or end product, as many final products 


were far more difficult to handle than 
the original material. An attempt was 
I de to break it down DY inaerobie di 

stion, but this also failed Pilot 
plant worl 1 low-rate trickling filter 


provided good reductions for about two 


months Then in about two days all 
the bacteria died, which ended that 
phase of the program. Pilot plant 


work was again started employing a 
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high-rate trickling filter, this method 
providing not only good reductions but 
also the solution to the problem. 

The filter unit employed was con- 
structed of 10-in. terra cotta pipe hav- 
ing a depth of 6 ft. and was packed 
with stone obtained from the trickling 
filter at the municipal disposal plant. 
It was operated at a rate of 50 m.g.a.d. 
and with about a 40 to 1 recycle ratio. 
The system was provided with a settling 
basin of conventional design having : 
total retention period of 15 min. The 
pH of the formaldehyde solution was 
corrected to about 7.0 with aqueous am- 
monia and was fortified with the same 
nutrients and in the same ratios as re- 
quired for the ‘‘standard’’ B.O.D. dilu- 
tion water (2). In addition, ammo- 
nium phosphate was added to provide 
a 25 to 1 total carbon to nitrogen ratio. 

The system was operated for a period 
of several months with formaldehyde 
concentrations ranging up to 2,050 
p.p.m. in the main feed tank. Bacterial 
growths were developed on the filter 
that would live on the formaldehyde 
and break it down. Filter efficiencies 
were low, averaging about 25 per cent. 
However, over-all plant. efficiencies 
ranged up to 94 per cent. Formalde- 
hyde removals varied from 0.73 to 2.59 
lb. per cu. yd. of filter stone, depending 
upon applied concentrations. This 
work indicated conclusively that for- 
maldehyde was amenable to biological 
treatment for its destruction. 

Further work using a composite feed 
simulating plant wastes indicated that 
these were also amenable to biological 
composition. 

During this period of pilot plant op- 
eration, studies were made on the possi- 
bilities of lagooning the filter efflu- 
ent to promote further reduction in 
formaldehyde concentration. These 
showed that biological action still per- 
sisted in the lagoon and that an addi- 
tional 95 per cent reduction could be 
accomplished in 13 days. From this 
work it was felt that the full-scale plant 
should be followed by a lagoon before 
the effluent was discharged to the river. 
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Plant Studies 


The first step in the plant program 
Was segregation of contaminated and 
uncontaminated waste waters. This 
necessitated the installation of a new 
plant sewerage system for contami- 
nated wastes. In addition, all baro- 
metric condensers installed on the sev- 
eral steam vacuum jets were replaced 
with surface condensers to reduce the 
volume of contaminated water. The 
septic tank effluent was reconnected 
into the main sewer to the new treat- 
ment works. An oil separator was in- 
stalled on the effluent from the resin 
manufacturing building for removing 
floating oils and resins 

Before designing the treatment plant, 
a restudy was made of all wastes to see 
whether or not any could be reused in 
process operations. Several places were 
found where reuse could be made and 
these were accordingly repiped. In ad- 
dition, certain sludges which were be- 
ing discharged into the sewerage system 
and were carried by the large volume of 
cooling water, were repiped so that they 
could be discharged separately to a dis- 
posal area. When this program was 
finished, the total load had been re- 
duced to a maximum of 30 lb. of for- 
maldehyde, or about 675 Ib. of B.O.D. 
per day. Of the 675 lb. of B.O.D., 600 
was due to the formaldehyde and the 
remainder to organie wastes. The total 
flow averaged about 40,000 g.p.d., or 
about 8 per cent of the original com- 
bined flow. 


Design and Construction 
Filter 


In the design of the waste treatment 
plant the first step was the filter. This 
was designed on the basis of formalde- 
hyde. A value of 1.25 lb. per eu. yd. 

equivalent to 2,000 lb. per acre-ft.) 
was used. This value was taken from 
the original pilot plant studies. A 6- 
ft. stone depth was felt satisfactory 
and the unit was made 37 ft. in di- 
ameter. On the basis of B.O.D., the 
loading was 2.8 lb. per eu. yd., equiva- 
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lent to 4,500 Ib. per acre-ft. Because 
49 per cent of this was formaldehyde, 


the loading was not felt excessive 

n order to provide for good ventila 
tion, the ends of the filter underdrains 
were left open and a conerete ring was 
poured on top to provide the base fo1 
the wood staves forming the sidewall of 
he filter unit 


The filter unit was designed for a dt 


m.g.a.d, rate of application. The rate 
as finally set was 900 g.p.m., equivalent 
to 52 m.g.a.d. <A four-arm reaction dis 


tributor designed to take the flow di 
rectly from the cireulating pumps was 
selected. The stone selected was cart 
fully screened traprock having a max) 


mum size of 5 in. and a minimum size 


of 3 in. The filter was eonstructed si 
as to provide gravity flow from it to the 


settling basin 


Ne ttling Basin 


The settling basin was designed on 
the basis of 15 min. retention. <A ree 
tangular 15,000-gal. conerete tank 9 ft 
deep was available in the area where 
the treatment works were to be in 
stalled. It was considered satisfactory 
and was accordingly equipped with the 
necessary inlet and outlet works, scum 
drawoff, and sludge collecting mecha 
nism, <A sloping concrete floor was in 
stalled in the bottom, terminating in 
four sludge pockets at one end. Sludge 
drawoff lines were installed in each and 
provided with full-opening plug cocks 
for control. These all discharged into 
one common header which conveyed the 


sludge to the well in the pump house 


Pump House and Sludge Disposal 


The main pump house was arranged 
to hold the filter circulating pumps, 
sludge pump, and effluent pumps. It 
was provided with three wet wells—one 
to receive the basin effluent and incom 
ing raw waste, one the sludge, and one 
the settled effluent taken a short dis 
tance ahead of the overflow weir in the 
With the use of the 
lagoon for final treatment, it was de 


settling basn 


April, 1956 


sired to provide ample bacteria in the 
plant effluent for continuous seeding. 

The sludge problem was given con- 
siderable thought Pilot plant opera: 
tions had produced such small volumes 
that thorough studies could not be 
made. At another plant, where only 
resins were made, sludge studies had 
indicated that the material was not 
amenable to anaerobie digestion It 
was believed that this would probably 
be the ease here. As the manufactur 
ing plant had a disposal area for 
sludges it was decided to haul the 
sludge from the treatment plant to this 
area until a definite solution to the 
problem could be made. 


Lagoon 


The final lagoon was constructed of 
earth, adjacent to the river. It was 75 
ft. by 150 ft. and 4.5 ft. deep With a 
capacity of 380,000 gal., it prov ided 9.5 
day retention at normal rating. La 
gooning studies had indicated 85 per 
cent reduction in 10 days and as this 
area was all that was available it was 
felt the 9.5-day period would be suffi 
cient. The effluent was withdrawn over 
a weir and discharged into the uneon 
taminated effluent from the plant just 
prior to its discharge into the river 
Figure I shows the treatment plant 
and lagoon at this stage of the develop 


ment 


Chemical Equipment 


Serious consideration was given to 
the need for a compositing basin on the 
raw waste line prior to discharge into 
the main wet well. Studies of process 
operations indicated that there would 


flow of formaldehyde waste 


always be a 
into the system and resin wastes would 
form only a small portion of the total 
It was believed, therefore, that the sys 
tem would be adequate for handling the 
intermittent resin discharges. It was 
kept in mind that if this condition 
changed, an equalizing tank would be 
needed and another pump would be re 
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quired. Space was left for this pump 
in the main building. 

pli correction was required on all 
waste waters except sanitary sewage. 
Experience had shown that neutraliza- 
tion of formaldehyde by any sodium al- 
kali would produce sodium formate in 
the reaction. Tests had shown this to 
be more toxic than formaldehyde. In- 
asmuch as nitrogen was required in the 
system, the use of aqueous ammonia 
It would pro- 
vide the required nitrogen and was ex- 
cellent for pH correetion, 

Aqueous ammonia was easily obtain- 
able in 55-gal. drums at 29.3 per eent 
strength, and could be fed by means of 
diaphragm pumps. The units as actu- 
ally installed comprised a 75-gal. closed 
steel tank vented to the outside atmos- 
phere and fitted with necessary gage 
A proportional chemical feeder 
was used to meter the ammonia solution 
and deliver it into the waste stream. 
The full strength solution was used 


seemed most suitable. 


glass. 


with no dilution. 
manufacturing 


Because schedules 
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FIGURE 1.—High-rate trickling filter plant and lagoon for treatment of 
formaldehyde wastes. 


varied in the several process buildings, 
pH correction of individual wastes was 
handled at each building. Alkali re- 
quirements were sufficiently constant at 
each building that a constant-rate 
feeder, which could be controlled by 
one of the process operators, was satis- 
factory. This eliminated costly and 
complicated automatic equipment at 
the waste treatment plant. 


Initial Operation 


Construction was completed and the 
plant ready for initial operation late 
in August, 1948. In starting up, it was 
felt that the best procedure was to de- 
velop a growth on the filter stone using 
organic materials easily available, and 
then redevelop this growth for the ae- 
tual conditions of operation. Although 
sludge from the local municipal sewage 
plant was available, the psychological 
problem arising from its handling was 
accentuated by the high incidence of 
poliomyelitis and it was felt some other 
means should be used. Manure from a 
large stable was available, so it was 
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It was placed in a wire-screen 


in a manhole in the return 

the filter to the settling basin 
recirculated water leached 

out the organic material. To provide 
additional 10 gal. of skim 
milk were added to the system each day. 


nutrients, 


During the initial period the rate of 
application to the filter was held at 5 
a.d The initial 


about 


mg operation took 
3 weeks to develop filter slimes 
considered sufficiently strong to allow 
application of wastes. From 
pilot plant experience it 
that before satisfactory 
could be obtained, the 
teria would have to be redeveloped to 
the formaldehyde The 


originally were 


plant 
was known 
operation 
existing bac 


environment. 

slimes as de veloped 

dark brown in color, a large proportion 
appearing to be molds and fungi 

Plant wastes were first introduced in 

at intervals during 

Later, 

at a low rate of feed during 


the addition was 


the day After about two weeks the 
low rate was maintained continuously 
hout the 24 hr 


operation at this rate the feed was crad 


After a week’s 


t} 
rou 

stepped up over a period of a 

o that the plant was taking the 

i There eonside rable 


curing the 


was 


early application 


but this diminished as 


\ part of the sl uughing 
» the increase 
is it Was raiset 
ra.d. in about 5 days 
sloughing 


full kk ad 


me additional 
first few days of 
int wastes were admi 
growth on the stone 
thickness and the 
a very | 


f \ ellow 
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April, 1950 


when handling only formaldehyde. It 
was expected that the same color char- 
acteristics would develop in the slimes 
in the full-scale plant as in the pilot 
unit, but the 
obtained during the whole period resin 


same coloring was never 


plant wastes were a part of the total. 
No B.O.D 


period. 


tests were made during this 
llowever, formaldehyde de- 
terminations were run after the first 
It was 
not until the plant had been taking the 


week of plant waste additions 


full load for over two weeks that any 
obtained 

As soon as full plant load was being 
applied to the 


reductions were 
system, diammonium 
phosphate was added to the main wet 
well to 0.02 
p.p.m. phosphorus per p.p.m. carbon. 


provide approximately 

During the initial starting period no 
pH adjustment was made on the water 
in the However, when the 
plant wastes were admitted these were 


system. 
corrected at the source, and the com 
posite to the treatment plant averaged 
about 8.0. 
There 
until the 
Then, 


pH gradually settled to 7.8 and fluctu- 


considerable variation 


plant load 


was 


was being 


after several days, the 


taken. 


ated only one or two tenths, unless thy 


incoming pH rose above 8.7 or dropped 


below 6.8. This condition existed until 


Wastes 


eliminated and formaldehyde 


the resin manufacturing were 
was the 
besides the sani- 


only remaining waste 


tary sewage. 


Full-Load Operations 


The formaldehyde concentration in 
d from 800 to 1.500 


L300 


raw Waste varie 
ring about p.p.m. 

alue going to the filter 
that leaving the 

The fi > effi 

ow, averaging 16.5 per cent 
er-all system efficiene 

it 76 per 
uction took place in the 


averaging abi 


following spring. 
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The average flow to the plant was 
about 40,000 g.p.d. However, due to 
some poor joints in the main trunk line, 
this volume increased considerably dur- 
ing times of rainy weather. 

The average filter removal of formal- 
dehyde was about 355 Ib. per day, 
equivalent to 147 lb. per eu. yd. or 
2.500 lb. per acre-ft. 

B.O.D. in the raw waste varied from 
1,400 to 3,100 p.p.m., averaging about 
2,500 p.p.m. Filter influent B.O.D. 
averaged about 400 p.p.m. and effluent 
values about 340 p.p.m., a reduction of 
60 p.p.m. This was equivalent to 2.68 
Ib. per cu. yd., or 4,530 Ib. per aecre-ft. 


Winter Experience 


With the advent of cold weather con- 
cern was felt about the efficiency of the 
treatment plant and the possibility of a 
freeze-up, especially in the lagoon. The 
raw waste waters entering the plant 
averaged about 85° F. When the air 
temperature dropped to about freezing, 
the circulating water in the system 
dropped to about 60° F. It was be- 
lieved that a temperature of at least 65 
I’. was desirable. Condensate from the 
unit heaters in the pump house was ar- 
ranged to discharge into the wet well, 
thus bringing the circulating water to 
about 66° F. With air temperatures 
down around 10° F. the circulating wa- 
ter probably would drop to 35° F., 
which would be entirely too low. To 
overcome this condition steam was bled 
into the system through a thermostati- 
cally controlled valve set at 60° F. Ex- 
cept for those periods when there was 
insufficient steam available, the liquid 
temperatures were held very close to 
this value. The only trouble from icing 
occurred around the inside of the filter 
tank, and required breaking out only a 
few times during the whole winter. 

The lagoon remained open nearly the 
whole time. Only when the outside 
temperature dropped to 0° F. did a 
light skim of ice form, and this only 
lasted for two days. 
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Ponding Troubles 


In late January it was noticed that 
the growth on the filter stone began to 
increase in thickness; after about two 
weeks serious ponding developed. The 
color of the slimes changed to an orange 
yellow. Formaldehyde determinations 
indicated very little change in concen- 
tration. However, B.O.D. going to the 
filter rose sharply to over 4,000 p.p.m, 
Effluent values rose above 3,500 p.p.m. 
This was indicative of serious contami- 
nation of the waste waters, and a thor- 
ough study was made to determine the 
It was found that one of the 
process storage tanks had developed a 
leak and was draining into a floor 
trench, which discharged into the lift 
station sump. This leakage contained 
a high percentage of sodium formate 
and the B.O.D. was approximately 20,- 
000 p.p.m. Another source was from 
some leaky catch pans. which allowed 
pentaerythritol liquor to run on the 
floor and into the main floor drain at 
intervals. Several days were required 
to find leaks. The catch pans 
were easily fixed, but weeks 
were required to perraanently repair 
the storage tank. 

During this period of exeessive over- 
load there was no unusual sloughing of 
the bacterial growth. Past experience 
had indicated that sodium formate was 
very toxic. Determinations on spot 
samples of the waste applied to the fil- 
ter indicated that there were concentra- 
tions of this material as high as 5,000 
p.p.m. Heretofore it had been believed 
that toxicity was only relative and that 
in time acclimatization could be devel- 
oped for most any material. Time was 
the factor. In this particular case there 
was what was believed to be a very 
toxic material, yet the biological growth 
had survived and actually increased in 
volume. The nitrogen balance was 
completely upset, as the rate of feed of 
aqueous ammonia was still regulated by 
the pH requirement and the diammon- 
ium phosphate was added on the basis 


source, 


these 
several 
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the 


wastes 


f carbon in formaldehyde and 
It was finally con- 
ity of the formate 
Was complete ly nullified, 


unt of organic 


ne 

due to the ex 

matter pro 
by the pentaerythritol 

During this period f 


moval tually 


wrmaldehyde re 


increased, There was 


alt 
little change in the raw waste concen 
trat and the applied solution ranged 
from 200 to 225 p.p.m. Filter effluent 
values dropped to 135 to 150 p.p.m., 
prov ding efficiencies of 30 to 35 per 

nt and over-all efficiencies of 85 per 
cent 


an attempt was made ti 
wash off the heavy growths by stopping 


the distributor and flushing down a sec 


tion at a tin This proved futile, as 
the ponding was only slightly reduced 
and came back con ple tely the next lay 
The } rowth pre vented ventila 
t up thi h the filter. It was felt 
that e further attempt should bi 
ma end the ponding, so a step was 
taken which would be looked upon witl 
horror by any good operator or engi 
nee! A fire hose was used, the full 
for of the jet being turned on the 

nes until the whole filter area had 


been worked over. This procedure r 


quired over half a day and about half 
filled the sedimentation basin with 
slu which was pumped out and 
hauled away to the sludge disposal area 
Phe filt vas put back in service and 
no further ponding developed After 
a dav formaldehvde removals returned 
to nor |. The B.O.D. values remained 
f it a week, until the leakage 
nt system was eliminated, ther 
idua returned to about normal 
Grow?! eloped on the stones neat 
the surfa st as it had previously 
Alt} h this procedure is not r 
me? 1, it was an expedient method 
in sol the temporary pr hile, nal 
did not set sly affeet the filter 


In late spring several changes were 


ess operations. These had 


NDUSTRIAL 


WASTES April, 1950 
a direct bearing on waste plant opera- 
n elimina- 
resin wastes requiring treat- 
Thus, sanitary 
sewage, the load at the 
hyde. Other altera 


in intermittent discharge 


tion. One chanve resulted 
tion of 
aside from the 
whole 
s formalde 


tions resulted 


ment 
waste 

plant wa 


of formaldehyde with very little dis- 
the third shift, thus 
producing very wide fluctuations in fil 
ter loading. Although the 

centration dropped to about 500 p.p.m 
in the the fact that there 
extensive periods when there was 


red during t 
fl 


average con- 


raw waste 
were 
none entering the system produced con- 
k and 
filter 


this trouble equalization of the incom 


siderable shox resulted 


] 


S101 a} ine of the 


in heavy 
To overcome 
ing Waste was necessary. 

Studies of the operating cycles indi 
a 6.000 
10-¢ p.m. 
This 
was installed ahead of the waste plant, 
liquor 


charged into the main wet well. 


eated that the installation of 


val, tank, together was a 


pump, would solve the problem 
dis 
The 
ided with an inlet dis 


and baffled 


then 


and the equalized 


tank wi 


tributor, seum drawoff, 


iS 


overtiow To tr ake t} is O} eration most 


effective, a bleed 


amount of the waste 


line was installed so 


that a small] prior 


to overflow into the effluent trough was 
recirculated back into the pump suction 
well. The rate of recyele was controlled 
by a butterfly valve so set that as the 


volume of flow into the svstem increased 


the amount re vel d would be reduced 


and finally shut off. This arrangement 


provided initial dilution and more ef 


fective equalization Figure 2 shows 


plant with this new 


The new installation was not com 


pleted until July, due to delays in se- 
iring equipment. During this inter 
al the plant was operated as originally 
designed. Filter sloughing seemed to 


be heaviest in the morning, gradually 
reducing to a small amount by 
This resulted from low discharge dur 
and the high 


the few hours 


noon 
ing the night attendant 


load during first 
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of the day shift. By late morning the 
system had adjusted itself to the new 
Over-all operating results 
fluctuated with the filter removals. 

With an influent concentration of 
about 500 p.p.m. formaldehyde, the sys- 
tem concentration would be up to 350 
p.p.m. during the morning, with 10 to 
15 p.p.m. reduction through the filter. 
$v afternoon the system concentration 
was Gown to 200 p.p.m. and reductions 
up to 30 to 40 p.p.m. (20 per cent) were 
obtained through the filter. System ef- 
ficiencies would rise to 67 per cent. 

The lagoon was the stabilizer of the 
system. With warm weather and sun- 
light 50 per cent reductions were ob- 
tained, so that the over-all picture was 
not too bad, averaging about 84 per 
cent total removal. 

With the installation of the composit- 
ing tank, the treatment plant began to 
function properly. The heavy slough- 
ing ended; normal unloading took its 
place. System concentrations began to 
hold in the range of 100 to 150 p.p.m., 
and filter reductions increased to about 


conditions. 


TRICKLING FILTER OPERATION 


FIGURE 2.—Formaldehyde wastes treatment plant after addition of equalization tank. 


50 p.p.m. (33 per cent). System effi- 
ciencies rose to 80 per cent, with the 
lagoon removals increasing this to 90 
per cent. B.O.D. dropped to 200 p.p.m. 
in the waste to the lagoon, and to 100 
p.p.m. in the lagoon effluent. As the 
hotter summer weather continued the 
lagoon efficiencies rose to about 75 per 
cent. Formaldehyde concentrations in 
the effluent dropped to about 25 p.p.m. 
and B.O.D. to about 50 p.p.m. The 
over-all system efficiency rose to about 
95 per cent 


Further Process Changes 

During the summer several changes 
in operations again affected the opera- 
tion of the waste plant. The changes 
eliminated the severe intermittent dis- 
charges, but resulted in increased con- 
centrations of formaldehyde. The 
average composite, previously around 
500 p.p.m., increased to from 2,000 to 
6,000 p.p.m., averaging about 3,400 
p.p.m. This upset the treatment plant 
for about a week. Concentrations in- 
creased to about 1,000 p.p.m. in the cir- 
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culating system and severe sloughing 
took place. Gradually the system stabi 
lized and filter influent values 
dropped to about 300 p.p.m Filter ef 
ficiencies increased to 23 per cent, pro 


itself 


viding about 70 p.p.m. reduction; sys 
tem efficiencies rose to 92 per cent. The 
lagoon provided about 96 per cent re 
duction, making the over-all efficiency 
99 per cent. The average concentra 
tion of formaldehyde from the lagoon 
averaged 20 p.p.m. Installation of the 
equalizing tank is believed to be re 
for the efficient 


of the system 


sponsible functioning 
Comparable results were 
obtained until early October, when la 
goon efficiencies have dropped off due 
to colder weather and reduced suntight 

The growth developed on the filter 
from the formaldehyde has the appear 
with a slight 


ance of an icy coating 


grayish cast. Aside from the grayish 
east, it is identical with that developed 
on the pilot plant unit 


General Data and Problems 


In the use of aqueous ammonia for 
pH correction, the amount necessary to 
hold the pH{ at 7.0 in the system has 
ut 22 lb. of NH, per day. On 


basis of 


been 


earbon in the raw waste 


has provided a carbon-nitrogen 
about 9 to J Diammontum 

has been added to provide 
0.017 p.p.m. phosphorus per p.p.m. car 


bon, equivalent to approximately 0.0025 
p.p.m, per py B.O.D 
nitrogen ¢ y the 
held arbon-nitrogen 
neighborhood of 10 to 1 


The total 
two sources 


ratio in 


A peculiar condition has been noticed 


in the system's operation on formalde 
hyde Whe 


7.8 and 


pHl is maintained at 
consider 

ng and 

the whol 

bid. Th 


pu reaches 5.5, at hich point the 


slough very 


system becoming 


Is condition 


I 
whole system clears up and the water 
nish blue color. The pH 


takes on a pres 


April, 1950 


ean then be raised to 7.2 without any 
change in character of the circulated 
water, irrespective of normal variation 
in formaldehyde concentration 

The sludge problem has not yet been 
solved completely. Early in the opera 
tion anaerobic decomposition was tried, 
This followed 
The 
the small 
quantity of rosin oils, which coated the 
sludge particles 

With the plant handling only formal- 
dehyde wastes, anaerobie digestion tests 


but was unsatisfactory 
similar results in another plant 


negative result was due to 


were made again This time digestion 


was accomplished. Although only one 
test has been made so far, further work 
The 
240 g¢. of basin 
from the bottom of the 
well The diges 
temperature as 90° F After 
three days, gas was evolved, more than 

12 hr 


possibilities aris 


is contemplated as time permits. 
test was made on 
sludge taken 
sludge reeeiving 
tion 
98 ce. being generated in about 
It is believe hat the 
ing from a method of decomposi 
tion can lead to development of means 
for such ecomposition of the raw 
liquor 

The sludge as such, has not 
There has been 


ble Sone 


been very tr 
tence nev » in the 

How 

during sludge 
mas been neces 
Sludge vol 
forn aldehyde 
about 0 1] lb 
This 

0.06 Ib. per Ib 
ration flies 
These were 
a small 
They 
filter only 
along » end nozzles 
on the 
vide e washing action on the 


adjusted to pro- 
stones, 


vanished for good 
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Plant Operating Control 


The treatment plant was designed to 
be as automatic in operation as possible, 
in order to reduce operating labor to 
a minimum. General mechanical oper- 
ation is under the supervision of the 
power department; chemical control 
and analytical work is handled in the 
plant laboratory under the supervision 
of the chief chemist. 

In general, the plant requires the 
services of one man an average of 2 hr. 
per day. This includes drawing sludge 
from the basin, skimming the basins, 
filling chemical tanks, and taking sam- 
ples. Ineluded in this is the semi- 
pumping of the sludge from 
the main wet well into the tank truck 
and hauling to the plant sludge lagoon 

Due to limited manpower in the lab- 
oratory, the many and detailed analyses 
so necessary for a complete evaluation 
of plant operations and for a compre- 
hensive report have not been made. 
Much of the time control has been based 
only on pH and formaldehyde analyses, 
as these were easily and quickly made 
and indicative of operation. 
will be 


eekly 


Analyses 
made in the future to allow de- 
velopment of a better picture of the 
plant. 
Conclusions 

In looking back over the first year of 
full-scale operation, the major econelu- 
sions reached in early pilot plant ex- 
periences still hold. These were that: 


1. The high-rate trickling filter can 
be used for treatment of formaldehyde, 
organic oils, and organic acids, and will 
provide reduction. Re- 
movals per cubie yard of medium under 
full-scale operations have decreased 
somewhat from pilot experiences. Re 


satisfactory 


movals obtained were as follows: 
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Formaldehyde 


Removal 


Concentration Removal ‘fheiency 
Ib. ‘cu.yd (% 
110 1.12 2% 
1,25 16 
266 1.75 1h 
300 3.10 23 
360 3.45 28 
2. It is not necessary to maintain the 


pH constant at 7.0, as variations as low 
as 4.5 and as high as 8.5 will not affect 
operation. However, it is necessary to 
hold a fairly uniform pIl wherever it 
may be. 

In full-scale operation it is necessary 
to hold the pH at about 7.0 if low tur- 
bidity and B.O.D. values 
maintained in the svstem 


are to be 

Where a la- 
goon follows the filter svstem this is not 
important 

3. Short sedimentation periods are 
effective for the filter system 

4. There is no filter fly problem with 
wastes of this type. 


Finally, the full-scale plant based on 
pilot plant effectively 
treated the plant wastes, regardless of 
their wide variation, and produced a 
satisfactory effluent. 


studies has 
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DISCUSSION 
By H. 
Research Engineer, Department Sanitation, New Jersey Agricultural 
Erperiment Station Rutoers sity B \ 

Mr. Dickerson’s paper is of interest but also contains materials that muicro- 
for eral reasons of general and organisms do not ¢g nerally relish as 
food In addition, it is deficient in 


specihe nature 
In the first place, it illustrates once 
the value of eareful laborators 


t plant research in the develop 


avain 
and pilo 
ment of methods of treating industrial 
wastes for which no preceding exper 
lable. The work reported 


is based 


ence aval 
this paper on one 
op rating experiences of the 


plant installation following the results 


is 


vear s 


in 
actual 


obtained from pilot plant experiments 
the 1949, 
JOURNAT The time and mone. 
pilot are amply 


it) 
because rl 


reported in July, issue of 


Tris 
spent on 


work re 


warded without such 


en it would have been foolhardy t: 
the design and construe 
In this 


stance. as well as in other similar situ: 


proces d with 


tion of the actual plant in 


tions. the experience obtained from the 
pilot plant has not only been 1 


able. but also 


nvalu 
to 


has come very close 


the performance of the actual large 
scale units 
Secondly the general impressior 


the paper is that an almost 
has 


stringent 


heen perforn ed 


task 


Consider the stream requir 


onsequent necessity of re 


dueing a 2,000-1b per day 


Ib. allowable loading on 


strear formidable task indeed 
even if the wastes were innocuous and 
non-toxie like sewage or industrial 


stes containing readily avatlable or 


matter ordinarily encountered 


contained irg 


wastes 


f formaldehyde, 


used ordinarily for disinfecting pur 
poses, with additional amounts of rosu 
oils, phenols, organie acids, and penta 
erythritol thrown in for rood measure 
The waste is not onlv acid in nature 
| a 


B.O.1D. load 
tha 


Thus, the 
neutralized, nutrients 
the liquid had 
before it could 
cessfully by biological 
Despite these difficulties the 


nutrient 


proper morganic 
had to be 


lded 


spoon 


waste 
and 
fed 


treate¢ 


had to be a 
to be almost 


be 


met} ods 


su \ 


attempt was made and success was ob 
tained by the careful application of 
certain prim iples 

The third item that the 
most important step taken was the sur 
of reducing 
Mr. Dicker 


this respect illustrates 


is first and 


the possibilities 


the quantity of waste 
| 


son s suecess In 


onee rain what can be accomplished 
by elimination of waste. Consider the 
decrease of formaldehyde load from 


1.800 Ib. to 300 Ib. per day, and B.O.D 


load from 2,000 )b. to 675 Ib. per day, 
ind the d reas in total flow from 
500.000 to 40.000 Although the 


mention whether the 


4} 


author does not 


nroduets for 


reeoveryv Oo se ] 
merly discharged to the sewer resulted 
in economic benefits, it is certain that 
it reduced the eost of treatment 
A fourth int etiy leceon that in 
he learned from this paper s that 
ilthon normal sewage treatment pro 
esses are the basis for tl treatment 
of many indust al wastes. a selection 
cannot be made arbitrarily but has to 
be ma refully in respect to the 
suitability of the type of treatment for 
the particular waste. Consider, for in 
stam the unsuitability of treating 
. these waste bv digestion It follows 
that anaerobie digestion with its meth- 
ane fermentation phase is more sensi 
tive to certain tox wastes than are 
midat at es 
What at first glance seems to be even 


Brest 

fal 

| 

| 

| 

| 

4 

: 
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impossib 

ae 

: 
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more surprising is the fact that a low- 
rate filter was not suitable, whereas the 
high-rate filter performed well. The 
explanation offered by Mr. Dickerson 
is that the formation of insoluble com- 
pounds (tanning agents) causes the 
death of the bacteria by cutting them 
off from their food supply. In the low- 
rate filter these compounds accumulate 
and intermittently slough off, whereas 
in the high-rate filter the accumulation 
iS greatly reduced because of continu- 
Whatever the merits 
of this speculation there are other pos- 
sible explanations. It is true that the 
load is greater on high-rate filters than 
on low-rate filters; but the concentra- 
tion of formaldehyde is lower by virtue 
of recirculation. Note the necessity of 
high recirculation ratios (40 to 1). 

More specifie comments and remarks 
are as follows: 


ous sloughing. 


1. Mr. Dickerson stated that sodium 
formate is more toxic than formalde- 
hyde without presenting any evidence. 
It is difficult to reconcile this with the 
statement made that during the period 
when a process storage tank was dis- 
charging a very high pereentage of 
sodium formate, because of a leak, bio- 
logical growth survived and actually 
increased in volume and formaldehyde 
the filter actually in- 
If sodium formate is not as 
toxic as it was originally believed to be, 
the continued practice of neutraliza- 
tion with ammonia rather than sodium 
hydroxide to prevent the formation of 
sodium formate is not necessary. This 
minor plant. Whether sodium 
formate is toxic or not ammonia may 
be a more suitable neutralizing agent 
than hydroxide, 
serves the dual purpose of furnishing 
nitrogen as well as being a neutralizing 
The important question, from 
a rather standpoint, is 
whether sodium formate is actually 
more toxic than formaldehyde. Re- 
sults presented by Sawyer and Her- 
mann (1) indicate that sodium formate 
begins to exert an inhibiting effect on 


removals by 
creased 


is a 
because it 


sodium 


agent. 


academic 
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B.O.D. at 10 p.p.m., whereas formalde- 
hyde is not toxie¢ up to 21 p.p.m. We 
have discovered no lasting inhibiting 
effect by formaldehyde up to 185 
p.p.m. concentration, which gave an 
initial inhibition of oxidation for two 
days followed by recovery on the third 
day. It is probable that with adapta- 
tion this concentration could be tol- 
erated without even an initial inhibi- 
tion. It is also of passing interest that 
a B.O.D.-formaldehyde ratio of 2:1 
is obtained by Mr. Dickerson although 
Sawyer (1) and the writer have 
obtained B.O.D.-formaldehyde ratios 
more in the order of 1:1. 

2. Mr. Dickerson stated, also, that 
every method of chemical treatment to 
provide destruction of formaldehyde 
was tried, but was found unsatisfac- 
tory. Each was either uneconomical 
or the end product was more difficult 
to handle than the original material. 
The question is raised as to whether the 
treatment of formaldehyde, with am- 
with the formation of hexa 
tetramine) was tried, or 
whether in the treatment of the waste 
with ammonia for neutralization an 
additional advantage is not obtained 
by the formation of this compound. 
Some of our experiments have shown 
that hexamethylene tetramine up to 
2,000 p.p.m. concentration 
to biological oxidation without any in- 
hibiting effect. 

3. The 
equalization tank in this, as well as 
other type of industrial waste 
treatment questioned. 
Events necessitated subsequent addi- 
tion of an equalization tank. 

4. The question arises as to the basis 
to 5 in. 
It is possible that a somewhat 


monia 
methyiene 


is subject 


wisdom of omission of an 
any 


process, is 


of selection of filter stones 3 


in size. 
smaller size stone might have given a 
higher efficiency. It does not seem that 
serious clogging was encountered, with 
the exception of the period when so- 
dium leaking into the 
waste. 


formate was 
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per formance « f 


‘rin removing formaldehyde, or 


BOD it seems better to base 


it on 


gredient 


with the 


concer 
n the 


reu 


than on the basis 


to 


afte 


circulation is ar 


treatment and 


formaldehyde in 


with 
the 


tion 


ré 


itration of these n 
waste before mixing 
lated effluent, rathe 
of quantities applied 
reeireulation 

integral part of 

the concentration f 
the recirculated efflu 
led There 


disregare 


‘duction of forma 


the filter Otherwise 


5S would not be effective 


portant 


by 
ent 


nly 167 p.p.n 


that the applied 


major 


ireu 


le 


content 
part ot 
ition 


state 


item is that starting 
p.m. formaldehyde in 
eireulation and filtra 
from the filter had 
irrespective of the fact 
mixture had a formal 
of 200 p.p.m., the 
which came from 
d that formaldehva: 
filter was 355 Ib 
an earlier section, 
lantities of waste pro 
ated that the total load 


produced at the plant 
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was reduced to a maximum of 300 Ib 
per day 

7. If pH values as low as 4.5 do not 
affect the operation, as stated in the 
summary, what is the reason for ad 
justing the pH of the waste to 8.0? 

&. The author is to be commended 
for ieasures he has taken to main 
tain the efficiency of the filter during 
the winter by the introduction of con 
densate from unit heaters and for 
bleeding steam into the waste to over 
come the cooling effect when using high 
recirculation ratios. This is a pheno 
menon that exists in other high-rate 
trickling filter plants 

%. It is of interest to note that form 
aldehye ‘removal ficienes of the 
filter is not reduced, but is actually 
a little higher with the higher applied 
concentrations of formaldehyde 

10. Finally, it would be of interest 
to know what method was used for the 
determination of formaldehyde in the 


waste, and method 


Reference 
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INDUSTRIAL WASTES DISPOSAL AT PITTSBURGH * 


By Joun F 


Chairman, Allegheny County Sanitary Authority, Pittsburgh, Pa, 


Little had been accomplished in the 
treatment of industrial wastes in the 
Pittsburgh area in the past. In the 
absence of municipal sewage treatment 
plants in this industrial area, industry 
could not be expected to go all out on 
a treatment program ; but now that the 
municipalities have developed a pro- 
vram for collection and treatment of 
municipal wastes, industry is not far 
behind 

The first legislation applying explie 
itly to industrial wastes and their con 
trol was passed in 1937. Acid mine 
drainage and silt were exempted until 
in the opinion of the Pennsylvania 
Sanitary Water Board ‘‘practical 
means for the removal of the polluting 
properties of such drainage shall be 
come known.’’ This act was amended 
in 1945 to put mine silt under the law, 
but provided for diversion of aeid 
mine drainage at State expense and 
exempted such industrial wastes as are 
discharged ‘‘into any municipal sewer 
system,”’ 


Industrial Waste Installations 


Several industries have constructed 
treatment plants in the Pittsburgh 
area in recent years in compliance with 
the orders of the State Sanitary Water 
Board. The United States Steel Cor 
poration built two treatment plants at 
the new Irvin works 10 vears or more 
ago. One treatment plant handles 
plant sewage and the other pickle 
liquor wastes. The pickling wastes are 
neutralized with slaked pebble lime 
The slurry is agitated by air and the 

* Presented at 22nd Annual Meeting, Fer 
ration of Sewage Works Associations; Bos 


Mass.; October 17-20, 1949. 
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entire contents of the neutralizing 
tanks are pumped into tank cars for 
disposal in a lagoon located in the cen- 
ter of a hot slag dump. This plant 
may soon be replaced by a recovery 
process. 

More recently, au large vlass works 
installed multiple tray thickeners for 
removal of solids, which formerly dis- 
charged through the plant sewer to 
form a large bar in the Allegheny 
river. The solids are pumped to a 
lagoon located in the hills above the 
plant. A local chemical plant installed 
vravitational separation with aeration 
and partial evaporation for removal of 
tastes and odors due to resinal wastes 
A large oil company installed separa- 
tors for removal of oil wastes. One of 
the largest and most modern coal mines 
in the world installed thickeners, Dies- 
ter tables, and filtration for treatment 
of bituminous coal washing wastes. 

Some of the packing plants have 
grease traps which serve also to catch 
some of the larger solids. Neverthe- 
less, even in these cases, tests indicate 
that much of the grease and solids 
escape to the streams. 


The Problem 

The discharge of 3,000 tons of un- 
treated acid mine wastes daily into the 
streams of this area has been a deter- 
rent to the establishment of sewage 
treatment in many ways. Although 
making it possible to keep down un- 
bearable putrefactive conditions in the 
rivers by its action on organic pollu- 
tion, acid mine waste has done great 
damage to structures loeated in the 
streams and also has made the use of 
streams for recreation, navigation, in- 
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dustrial purposes, and as a source of 
publie water supply either undesirable 
or costly. Acid mine drainage, there 

fore. ean be said to be the greatest and 
most damaging industrial waste dis 

harged without treatment into the 
streams of this area 

The Pittsburgh area is noted pri 

marily for its coal and steel industries 
Therefore, the major part of its indus 
trial wastes must come from these 
sources. However, in addition to iron 
and steel and coal industries, there are 
located also in this area many other 
mportant industries, including the H 
J. Heinz Company, one of the largest 
food preparation plants in the world 

Westinghouse Electric Corporation; 
Westinghouss Airbrake Companys 

Aluminum Company of America; 
American Cyanamid & Chemical Cor 

poration American Window Glass 


Compat y's Cruikshank Bros food 

Lutz & Schramm, Ine. (food); Falk & 
Company (oils and resins); and the 
Vanadium Corporation. In addition 
there are copper mills, galvanizing 


plants, paint manufacturers, at least 


6 breweries, a distillerv, wool scouring 


works, dairy plants, sto k vards (forn 

ing the chief off-ear rest point for 
eattle hetween (‘hieago and New 
York various chemieal manufactur 


ing plants, cement mills, oil refineries 


packing plants, and many commercial 


establishments manufacturing various 
ods Al ldine ft the dustr il 
waste problen 


In 1945 and 1946 almost 100° 1 
dustries and more than 1OO mun na 
ties located in the Pittsbureh area wer 
ordered by the State Sanitars Wat 


Roard to abate pollution of — the 


streams \ manv mor na 
ty wp? ntril ¢ th polly 
but ! t t} 145 imena nt 
of ti |? Sty Let nev] 
Vania THOS ne stries } 
exempt trom ait ft action of t Stat 
ind the responsibility for t) lischar 
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of polluting wastes of industry in such 


eases rested on the shoulders of the 


municipality whose sewer system was 


being used for that purpose 


Wastes Surveys 


Of this group of industries, 356 
wreed to have the Sanitary Authority 
make a study and analysis to dete 
mine whether their wastes were ac 
ceptable to the Authority for treat 
ment in conjunction with municipal 
wastes, and under what conditions, if 
any. A nominal charge was n ade for 
is service. When it was established 
as a matter of policy that pickle liquor 
wastes could not be accepted by the 
Authority, six of the industrial studies 
were rejected, leaving 30 for final 
stucls ind determination 

The 30 industries studied in detail 
epresente d a total anuual flow of more 
than 3,500 m.g with weighted sus 
pended solids content of 455 p.p.m and 
B.O.D. of 682 p.p.m One chemical 
plant alone contributes almost one 


third of the total annual B.O.D. of 


this group of industries. The highest 
concentrations of suspended solids and 
BOD. from a distillery The 
next highest come from a wool scour 
ng plant. The total of the 30 ndus 


tries represented a yearly equivalent 
population of 330,000 based on 0.167 
Ih of 5-dav B.O.D. per eapita daily 


The findings of this study, taken In 


njunction with the chemical analyses 
of the weirings of 32 important muni 
nal sewer outfalls seattered through 
t Allewhenv County) formed the 
hasis for determination of a weighted 


alue for suspended solids and B.O.D 


is repres nrarive of the sewace to he 
xpect 1 at tl entral treatment plant 
proposed for the whole of Allegheny 
County and 100 of its municipalities 
fected by the study, The weighted 

sult suspended solids content 


nf 998 n.n1 and a B.OD. of 300 


p.m. ‘The total quantity of indus 
trial w tes was estimated to be 30 
n d for the vear 1965, or 17 per cent 
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of the total dry weather flow to the 
plant. Commercial wastes would total 
about 20 per cent of the caleulated 
1965 dry weather flow. The equivalent 
population represented by acceptable 
industrial wastes, as estimated for the 
year 1965, is 910,000 (based on 0.167 
lb. of 5-day B.O.D. per capita daily), 
or 53 per cent of the expected 1965 
population. 

In several found 
that substantial losses were being suf- 
fered by industry due to the wastage 
of water or to the discharge of valnu- 
able recoverable wastes into the sewers, 
The water was doubly 
costly because sewage service charges 


A pack- 


instances, it was 


wastage of 


will be based on water usage. 
ing plant without grease traps or 
losing almost 7 tons of 
grease daily. Three other plants with 
traps losing a total of 
5,000 Ib. of grease daily. In some cases 
industry has already initiated plans 
The $15,- 
000,000 extension now being made to 
the H. J. Heinz Co. plant would not 
have been possible if the Sanitary Au- 
thority survey had developed that the 
wastes of the present plant could not 
be accepted, thus requiring the use of 
the available ground for a separate in- 
dustrial waste treatment plant. 


screens Was 


rrease 


were 


for recovery and salvage. 


Policy on Waste Acceptance 


The studies of the industrial plants 
served to establish policies of treat- 
ment as well as the charges which the 
Authority would make with respect to 
treatment of industrial wastes. It 
concluded that all industrial 
wastes originating in the service area 
would be acceptable for treatment ex- 
cepting pickle liquor wastes and acid 
mine drainage Limitations 
lished with respect to other toxie and 
deleterious wastes have already been 
published (1) 

Pretreatment was specified in sev- 
eral unusual condi- 
tions Furthermore, com- 
plete control over the discharge of in- 


was 


estab- 


instances where 


warranted. 
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dustrial and commercial wastes into 
public sewer systems is made available 
to the Authority by the long-term 
agreements now being executed be- 
tween the Authority and the munici- 
palities for sewage service. 

A definite position has been taken 
with respect to acceptance and treat- 
ment of industrial and commercial 
wastes. The Authority proposes to 
accept for treatment all wastes that 
will not affect either structures or 
treatment processes of the Authority, 
taking advantage of the diluting prop- 
erties and neutralizing effects of large 
quantities of municipal sewage on in- 
dustrial wastes to be treated. How- 
ever, as pointed out by Danse (2), 


is 
large municipal sewage or drainage sys 
tem could be constructed so as to take any 
and all industrial wastes. Many industrial 
wastes are of such nature that they would 
be deleterious to the materials of construe- 
tion commonly used in they 
would be hazardous as regards toxicity to 
adjacent to the structures ; 
hazardous beeause of possible explosion 
near the structures, 
a nuisance from the standpoint of noxious 
odors, or definitely disturbing or deadly to 
the activity of the sewage treatment pro- 
Accordingly, industry will under- 
stand that wastes which are deleterious or 
noxious should be pretreated before dis 
charge into publie sewer systems.” 


manifestly impossible that any 


sewers, or 


those sewer 


damage in or sewer 


CPSSECS, 


Basis of Charges 


The Authority proposes to add a 
premium to the proposed regular sew- 
age charge for treatment of industrial 
and commercial wastes in conjunction 
with sewage where such wastes are ex- 
cessively concentrated or where they 
possess certain qualities which require 
more than ordinary treatment. The 
pretaium is based on the following 
conditions : 


1. Suspended solids in excess of 275 
p.p.m. 

2. B.O.D. in excess of 300 p.p.m. 

3. Chlorine demand in excess of 
average. 
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4. pH and color if future conditions 
justify 


NUS pe nided Nolids and BO D. Charg: 


For the present, it is proposed to 
charge for excessive suspended solids 
and B.O.D. in aceordance with th 


formula 


in which F is the factor to be applied 
to the basic rate, R is the ratio of qual 
¥y cost to total annual cost 0.15), 
‘ s the p.p.m of solids in the sewage 
from the particular industry, S, is the 
average suspended solids of all sewage 
275 p.p.m.), B, is the p.p.m. of 
B.0.D. of the sewage from the particu 
lar industry, and B, is the average 
Bb.0.D. of all sewage 300) p.p.in 

The increase in cost on this basis is 


predicated on the actual treatment 


costs of the excessive volumes, sus 
pended solids, and B.O.D. The charge 
s nominal \s an example, on the 
basis of a suspended solids content of 
0 pp. and a B.O.D. of 500 p.p.m 

the additional charge would be 11.7 


per cent of the quantity billing 


hlorine Demand Charade 


\n additional charge will also b 
made for treatment of wastes possess 
ing an excessive chlorine demand 
hlorination of the eftluent of the sew 

lant will be a requir 


nent of the Sanitary Water Board 


The chlorn demand of the centra 
wave plant cannot be determined uw 
| the plant is in operation ; therefor 


only t rate formula in be given 


n which FR. is the surcharge rate fo 


chlorine demand, in cents per 1,00 
ral b, s the chlorine demand I 
wastes from the particular industry 


552 SEWAGE AND INDUSTRIAL WASTES April, 1950 


in p.p.m.; C, is the average chlorine 
demand of all sewage, in p.p.m.; F is 
a factor for converting p.p.m. to 
pounds per 1000 gal. 0.00835) ; 
and FP. is the purchase price of chlor- 
ine, in cents per pound 


Steel and Mine Wastes 


As pickle liquor wastes are not ae 
eptable to the Authority, these wastes 
must be treated separately by indus 
try. Neutralization is the most com- 
mon form of treatment of such wastes, 
but the disposal of the resulting slurry 
or sludge is still a difficult problem, 
especially where space for lagoons is 


not available Progress, however, is 
being made in another direction. The 
Iron and Steel Institute has supported 
research in this field during the past 
several years at the Mellon Institute 
Recent work by means of pilot plants 
promises interesting results in the mat 
ter of dewatering of the neutralized 
slurry, which until now has been diffi 
‘ult and uncertain. 

Research is also at work on acid 
mine drainag The State (Pennsv] 
ania) is in the process of establishing 
tolerances with respect to the discharge 
of rinse waters into streams in terms 
of acid and iron, The State Sanitary 
Water Board has established research 

the Mellon Institute for studv of 
fects of acid mine drainage on 
treams and the conditions under 
which formation of acid occurs in 
mines, Another State project at the 
Mellon Institute is engaged in the 
| ne drau 


tment of acid m 


In addition, Bituminous Coal Re 
areh, In Morgantown, W. Va. is 
lso engaged in researeh with respect 

to the general subject of acid mine 
lrainage, and th U. S. Bureau of 
Mines is engaged in a search for 


methods of quick analyses of these 


Stream clean-up in the Pittsburgh 
irea is on the move at every front 
The Pittsburgh projeet, which now in 


Indes 59 municipalities, will cost $55, 
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000,000 at present prices. Other muni- 


cipalities in the county will also spend 
sums for pollution abatement. 
With the cooperation of industry and 
with the backing of important civic 
interests, pollution abatement in Alle- 
gheny County will be a fact in the not 
too distant future. 


large 


Chief, 


This paper may well be considered a 
sequel to the author’s earlier work, to 
which he refers. The Allegheny 
County Sanitary Authority’s program 
contemplates a central treatment works 
located on the Ohio River, immediately 
upstream from McKees Rocks Bridge. 
Plain sedimentation preceded by aera- 
tion is calculated to remove 40 per cent 
of the organic pollution load as meas- 
ured by B.O.D. Chlorination is pro- 
vided for critically low 
stream flow 

The Sanitary Authority has adopted 
the policy of aceepting all industrial 
which are amenable to treat- 
ment, provided they will in no way 
damage the sewerage system or inter- 
with its normal functions. In 
fact, spent pickle liquor and acid mine 
drainage are the only exceptions cited. 


per i ds of 


wastes 


lere 


Limitations imposed for toxie and 
deleterious wastes in the composite 
sewage, as received at the treatment 


works, take into consideration their ef- 
fect on treatment and on the receiving 
This liberal policy in highly 
industrialized Pittsburgh should prove 
especially attractive to manufacturing 
interests 

Credit is due those Pittsburgh in- 
dustries which have already installed 
separate treatment works. 
Some industries may elect to provide 
partial treatment and temporary stor- 


stream 


waste 
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age for equalizing flow 
will be 
tary 


Still others 
served entirely by the Sani- 
Authority's sewerage system. 
Design of the collecting system and 
central treatment works has been based 
on full knowledge of present indus- 
trial requirements, with liberal capac- 
ity for anticipated future demands. 
The surcharge formulated for indus- 
trial and commercial wastes is a con- 
tribution to equitable 
combined waste 


financing of 
treatment. This sys- 
tem provides an incentive for industry 
to reduce wastes to an absolute mini- 
mum. It invites attention to concen- 
trated wastes in a manner readily com- 
prehended. The routine waste checks 
required constitute an operation record 
invaluable to industrial management. 

In considering industrial wastes, ac 
knowledgment is due industry for 
prosecuting an active and constructive 
program. Major contributions are 
the field of industrial 
waste treatment by trade associations 
and their technical committees. Sev 


eral major industries employ full-time 


being made in 


sanitary engineers and chemists, whose 
duties include the study of proposed 
new plant sites, with particular refer 
ence to water supply and waste dis 


posal. Collection and treatment of 


process wastes are integrated with de- 
velopment 


In fact, it is not uncom- 
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April, 1950 
remaining unsolved in- 
problems, it 1s reason- 
hat active research will 

or treatment 
continued re- 
incumbent on 


proc- 


esses which are « feasible. 


onom 
Coincident this 
search, it is organiza- 
tions administering anti-stream-pollu- 
tion laws to become familiar with the 


of industrial waste prob- 


fitting to 
work 


In closing, it would seem 


acknowledge the vast amount of 


on the part of prominent individuals 


and well-known agencies which has 


preceded this development. Consum- 


mation of this construction program 
and inauguration of effective operation 
to all 

Downstream inter- 
River are entitled to 


ht relief anticipated from 


will stand who 


monument 
have parti 


the Ohio 


ests on 


he long-soug 
and vigilant operation of 

being pro- 
The 
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Conpuctrep BY Herpert P, OrRLAND 


PASS THAT EXPERIENCE ON 


Sage advice on many aspects of sew- 
age treatment, gleaned from some 40 
years’ experience in the field, was con- 
tained in an address by J. H. Garner 
before the 1949 Summer Conference of 
the Institute of Sewage Purification. 
Choosing as his subject ‘‘Fents and 
Fancies’’ (remnants and whims), he 
reminisced not only on several technical 
problems and solutions of his long ten- 
ure as chief inspector of the West Rid- 
ing of Yorkshire Rivers Board, but also 
digressed, with his famous wit and wis- 
dom, on some of the philosophical as- 
pects of sewage treatment and stream 
pollution abatement. 

In speaking of his coneeption of the 
ideal sewage works manager, Mr. Gar- 
ner said: 

What I like to sce in a sewage works 

rer is a man really on top of his job. 
He should regard his job as a publie trust 
and his responsibilities to the publie as of 
great importance. This attitude invariably 
makes for good maintenance, efficiency, and a 
loval and contented staff 

I picture this ideal manager, leaning back in 
his office armchair, with ample time to read 
and write, his jacket off and shirtsleeves rolled 
up, smoking a cigar paid for out of his own 
salary, with a beaker of iced lager at his elbow 


and oceasionally chuekling to himself ‘Every 
dav a Sunday.’ ”’ 


Of particular interest is the phrase 
‘‘with time to read and write,’ indi- 
eating a recognition of the fact that 
technical contact with others, giving as 
well as receiving, is necessary to pro- 
fessional growthr. Often, the value to 
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be gained from an experience is lost, 
not only to the profession but even to 
the individual directly concerned, be- 
cause of a shrug-of-the-shoulders atti- 
tude about setting it down in black and 
white. 

Those who only read, and never 
write, would do well to reflect on the 
thought that if everyone took that atti- 
tude there would be nothing to read, 
particularly in such a medium of ex- 
change for operational matters as is 
The Corner. As has been pointed out 
many times in the past, this department 
of the JourRNAL requires broad and con 
tinuous participation—in the form of 
material—on the part of plant super 
intendents and operators in order to 
fulfill its purpose. 

The Corner is really a market place 
for operation personnel in plants of all 
sizes and types to exchange their trials, 
tribulations, and troubles for solutions, 
solace, and salvation. However, like a 
market place, it cannot operate if mer- 
chandise is always removed and none 
is brought in. 

Look around; dig into those diaries, 
those reports, and the storage spaces of 
memory. Hundreds of the kind of 
items we are seeking and you like to 
read are lving buried there. Pass them 
along so others ean benefit by them. 
Letters, clippings, or even marked oper- 
ating reports are just as welcome as 
formal manuscripts. 


Hi. P. O. 
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GAS ENGINE EXPERIENCE AT BUTLER, PA.* 


By T.R 


Partner, The Cheater E 


The design of the Butler, Pa., facil 
ities for gas collection, storage, and uti 
lization was made in 1938, at which 
time the writer was superintendent of 
sewage treatment for the City of But 
ler. In that capacity he checked the 
design, suggested certain changes, and 
Therefore 


equal responsibility with the designer 


eventually passed on it 


is Claimed for any good or bad points 
in that design. At the time, no data 
were available on gas production be 
cause the old digesters were not 
equipped for gas collection. The de 
sign selected was one that was intended 
to utilize practically all of the sludge 
gas that would be produced and de 
pended on the purchase of auxiliary 
natural gas during periods of low gas 
production 

The auxiliary fuel was obtained fron 
two privately owned gas wells. For al 
practical purposes, that source faile 
during the winter of 1944—45, and sines 
then the need for certain changes in the 
design of gas storage and utilization fa 
cilities at Butler has beeome increas 
Nevert} eless, the en 


gine generator still proves to be a 


Ingiv apparent 


worthwhile investment As shown in 


detail by Table T, the annual saving 
prior to failure of the auxiliary fue! 
supply, was estimated to be about 
$1,874; after the failure, the saving 
was about $312 a vear less, but still 
very much worthwhil The equip 
ment probably paid for itself in about 


i years 


Equipment Limitations 


However. there are certain lessons t 


be learned from the Butler experien 
l’irst the f pressur tv pe Stor 
* Presi 1 it Annua Confere: 
Pennsvyls i Sewage a I W 
Assn.; State ( g I Aug 1-26, 1949 
{ 


n 


HASELTINE 


yineers, Pittsburgh, Pa 


age was a mistake, even though it was 
considerably cheaper than would have 
been the installation of a lift-type gas 
holder. The Butler gas holder is a ey- 
lindrical tank 10 ft. in diameter by 20 
ft. long, which operates at a maximum 


pressure of 50 p.s.i. Its capacity is 
about 6,800 cu. ft. of gas measured at 
digester pressure; thus, its available 
storage capacity between 0 and 50 p.s.i 
is approximately 21,000 en. ft. of free 
gas. A compressor was provided to 
force surplus vas into the tank when- 
ever the rate of gas production ex 
ceeded the rate of its consumption. Be 
cause the maximum digester pressure is 
only 8 to 10 in., it was necessary that 
the controls for starting and stopping 
the compressor be very delicately ad 
justed. If the compressor did not start 
soon enough, vas was wasted; if it ran 
too long, the pressure in the gas distri 
bution system was reduced and, 
possibly, a partial vacuum might be 


formed and a serious hazard be created 


Controls 


The original controls were of the 
mereoid type and were not equipped 
with indicators for either the starting 
or stopping pressures. Maintenanee 
and adjustment of these controls 


proved very troublesome. a diffieulty 


that increased as time went on, until it 
became practically impossible to obtain 
ideal compressor operation. In 1947, 
the control was replaced by a low-pres 


sure switch having three indicators, 


each of a different color. One measured 
t! tual vas pressure in the distribu 
tion svsten ihead of the e mpressor 


‘ra scale of 0 to 10 in. of water: the 
other two were adjustable by means of 
knurled screws to any desired point on 
the seal When the pressure indicat- 


ng pointer contact d one of the others 
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TABLE I.—Economics of Power Generation at Butler, Pa. 


Period Covered 


Engine operation time (hr.) | 


Power generated (kw.-hr.) 236,520 228,940 
Power purchased (kw.-hr.) 6,620 68,360 
Power consumed (kw.-hr.) 243,140 297,300 
Estimated value of power ! $3,373.44 $3,915.00 
Operating costs and fixed charges: 
Purchased electric power $383.80 $1,573.72 
Purchased natural gas 312.80 0.00 
Oil and lubricants 177.20 135.50 
Ignition repairs 40.93 34.5 
Tachometer repairs 25.00 0.00 
Annual general overhaul 200.008 250.00" 
3% Interest on first cost * 360.00 $1,499.73 360.00 $2,353.72 
Annual saving * $1,873.71 $1,562.70 


‘ Based on power company schedule and « maximum demand of 37.5 kw. 


Approximate. 
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Jan.—Dec., 1941, inel 


8,505 7,272 


July, 1946-June, 1947, inel 


* First cost estimated at $12,000, including engine, generator, gas holder, and applicable por- 
tions of building and electric panel. Due to P.W.A. grant the City bore only 55 per cent of 


this cost. 
* Exclusive of operating attendance. 


the compressor Was started: when it 
contacted the second, the compressor 
was stopped. Thus, it was always pos- 
sible to tell at a glance the setting of 
the start and stop points, the actual gas 
pressure, and whether or not the com- 
pressor should be running. However, 
even with this type of control, pressure 
storage is not considered as satisfactory 
as a lift-type gas holder. 

The rate of gas production in the di- 
gester varies over wide limits, as dis- 
cussed in detail later. Unless the com- 
pressor is made unduly large, there are 
times when some gas is wasted because 
the rate of gas production exceeds the 
capacity of the compressor plus the rate 
of gas consumption. If the compressor 
is made unduly large, it starts and stops 
so frequently that difficulty may be en- 
countered in maintaining electrical con- 
tacts and, at best, a highly fluctuating 
gas pressure prevails in the distribution 
system. With a lift-type gas holder to 
which all digester gas is piped, and 
from which it is withdrawn as needed, 


no gas can be wasted unless the holder 
is full. 

A study of gas wastage and pur 
chases at Butler during the vears 1940 
to 1944, inclusive, shows that gas had 
to be purchased during 47 of the 60 
months. However, for 30 of the same 
47 months, the volume of gas wasted ex 
ceeded the volume of gas purchased. 

When the private supply of natural 
gas failed in 1945, some consideration 
was given to the installation of a lift 
type holder, and a connection to the 
local gas company system. However 
it soon developed that even this com 
pany was having diffieulty in supply 
ing the winter gas requirements of 
the community and that one large 
industrial user was converting many 
of its gas-fired furnaces to oil combus- 
tion units. Therefore, this plan was 
given up and it was decided that any 
future additions or alterations to the 
gas utilization system at the Butler 
sewage treatment plant should be 
predicated on obtaining more efficient 
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FIGURE 1.—Gas engine-generator unit at Butler, Pa., sewage treatment plant. 


use of the supply of sludge digestion 


vas and not on the augmentation of 


that supply with an auxiliary source 


of gas 
Design Problems 


Whenever a designer is faced with 
the problem of installing a gas engine 
must 


mn digester gas, he 


between the installation 
generator, the 


output of which can be utilized to 


ine-driven 


lrive anv or all of the various mot 


driven equipment in the plant, or 
installation of one or 
lirect-e Nps, 
equipn 
ontinu 


an ounts 


also be 


prov ided 


care of engine shut-down peri d 


must be based on 
However, there are cer- 


The final decision 
local factors 
tain mechanical relationships which are 
pertinent to the solution of all such 
problems 

electric gen 
100 


assuming 90 


Obviously, neither an 


erator nor an electric motor is 


efficient Even 
each of 


per cent 


per 


units, it 


efficiency in these 


is obvious that only 83 per 


cent 


eent as much usable ean be 
obtained from the 


ator set-up as could be obtained from 


pow er 
engine-gener 


ras 


a direet-connected engine. Tflowever, 


there are ill other mechanical re 
lationships which further favor direct 
connection of engines to pumps or 
blowers 

Manufacturer’s literature on gas en- 
fuel 
ion to vary with the horsepower 


For 


guaranteed the 


nerally shows the con- 
manufae- 
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consumption for the Butler engine 
Figure 1): 


Efficiency Output Fuel Consumption 
b. hp.) (B.t.u. /b.bp.-hr.) 
100 SO 11,000 
75 60 12,500 
50 40 17,500 
30 24 24,000 


The horsepower output of any engine 
is a function of the product of its 
torque times its rotative speed, and 
actually the fuel consumption varies 
with the torque, not with the power 
output. That is, if the speed of the 
engine could be reduced to 300 r.p.m., 
it would operate practically as effi- 
ciently at a 40-hp. output as it now 
operates at 80-hp. output and 600 
r.p.m. 

When an engine is driving an a.c. 
generator, it must operate at constant 
speed. Otherwise, the number of 
cycles, and hence the speed and effi- 
ciency, of all motors operating on the 
generated power will vary. Thus, the 
manufacturer’s tables on variation of 
fuel consumption with horsepower 
output are strictly applicable to gen- 
erator service. However, if the engine 
is driving a blower or pump directly, 
it is not only permissible but even de- 
sirable to vary its speed in accordance 
with air or flow requirements.  Al- 
though a constant torque cannot be 
maintained even in these cases, the 
ability to vary speed does materially 
reduce the variation in engine torque 
over what would have been necessary 
had the engine been driving a gen- 
erator. Thus, considerable economy in 
fuel consumption is possible. 

Furthermore, if it is desired to op- 
erate almost an entire sewage plant 
from a single generator, as was the 
case at Butler, then that generator 
nust be at least large enough to supply 
the maximum starting current of the 
largest motor. Unless other operating 
motors are temporarily stopped or 
transferred to another source of power, 
the generator must be large enough 
to carry also their normal operating 
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load without undue voltage drop. A\l- 
though the Butler plant has these 
transfer switches, the 50-kw. gener- 
ator is still none too large to permit 
starting the 30-hp. pump motor. 
However, during normal operation the 
actual load on the generator is only 
about 30 kw. This means that the 
engine output is only 45 to 50 b.hp. 
most of the time, and hence a fuel 
consumption of less than 15,000 B.t.u. 
per b.hp. cannot be expected. With 
& 580-B.t.u. net heating value of the 
gas (as determined by a few scattered 
analyses) this means that about 30,000 

ft. of gas per day are required to 
operate the engine. Actual operating 
records show that as long as the mix- 
ing valves are properly adjusted and 
the rotative speed does not vary, the 
ras consumption remains quite con- 
stant, regardless of the load on the 
engine, and usually ranges from 28,000 
to 38,000 eu. ft. per 24 hr. 


Gas Production 


A study of gas production at Butler 
over a 357-day period in 1946 and 
1947 showed that although the average 
daily gas production was about 28,000 
eu. ft. per day, the variation ranged 
from about 10,000 to 42,000 en. ft. 
Yields in excess of 29,000 eu. ft. per 
day were obtained on only 91 days. 
However, there was only one day when 
gas production was less than 13,500 
cu. ft. and only 28 days when it was 
less than 19,000 ecu. ft. 

Minimum gas production usually 
occurs during the extreme wet weather 
of early spring, when heavy snows are 
melting and ground water infiltration 
is at a maximum. Under such condi 
tions, sewage flows in excess of the 
capacity of some of the pump sta- 
tions or of inverted syphons under the 
creek are encountered. Therefore, 
some raw sewage overflows to the creek 
and the solids contained therein never 
reach the plant. At the plant, settled 
sewage in excess of 3 m.g.d. is by-passed 
and so does not have an opportunity 
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produce any secondary sludge 
Furthermore, there is a tendency for 
the trickling filters to clog or pond at 
this time of the year, so that the amount 
of secondary sludge solids available for 
digestion is further reduced. At this 
time of year considerable heat is re 
quired, not only for the digester, but 
also to maintain workable conditions 
in the plant buildings. If the gas en 
gine is not operating, no heat is avail 
able from its cooling water and gas 
must be burned in a hot-water boiler. 
The fuel requirements of this boiler 
ranging from 8.000 and 18.000 eu. ft. 
per day, depending on heat require 
ments) reduce the amount of gas that 
can be stored for future use in engine 
/peration 
Under such conditions it is obvious 
that the gas engine-generator cannot 
be operated continuously for more 
than 3 months out of the vear, and that 
the maximum demand for outside 
power will exceed the 224% kw. on 
which the 


based. As a result of this condition, 


minimum power bills are 


bills have run as high 

for four consecutive 

January to April, inclusive, 

1947 ie power bills exceeded $200 at 
the sewage plant alone, exclusive of the 
power consumed at the various pump 
stations. Maximum demands as high 
as 46 kw. have been recorded by the 
power company; however, they 


less than 40 kw 


Second Gas Engine 


to avoid building up 

sive demands, as well as to 

available gas more efficiently, 

n was given to the possi 
ibstituting a small gas 


().} p motor on t lariver 


ettled sewage pumps Af 


a number of en P 


Ss. a gas engi was fot 
ly adopte 
pump combina 
at 700 r.p.m 
would deliver 2 yd. and would 
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consume 8,300 cu. ft. of gas per day; 
when operated at 1,000 r.p.m., it would 
deliver 4.6 m.g.d. and would consume 
19,000 cu. ft. of gas per day. In addi 
tion, it could be equipped with controls 
so that, as long as sufficient gas was 
available, the speed of the engine could 
be automatically varied in accordance 
with the liquor level in the wet well. 
However, if necessary, during periods 
of extremely low gas production, the 
mgine could be slowed down to 700 
to 800 r.p.m., and run constantly at 
this speed. Under such conditions gas 
consumption would not exceed 11,000 
cu. ft. per day and sewage delivery to 
the trickling filters would be from 2 
to 3 m.g.d., or about the same as is 
now pumped to them during the 
winter months. 

Engine cooling water could be util 
ized to satisfy part of the heating re- 
quirements of the buildings and sludge 
digestion tanks. At the time of the 
installation of the original gas en- 

generator unit, an economizer 
was installed to permit recovery of 
heat from the engine exhaust. Subse- 
quent experience showed that this 
economizer was not needed and so it 
has been used very little. However, 
t is still available for use. By con 
necting the exhaust of the new engine 
to this economizer, it is believed that 
sufficient additional heat will be re 
overed to make it unnecessary to ever 
use the gas-fired boiler. Thus, during 
the winter months of low 


produe 


tion, practically all of the gas may be 
utilized by the new engine, and as it 
is direct-connected to a pump and ea 
pable of speed variation, such utiliza 
tion will be much more efficient than 
can be obtained in the existing engine 
and generator. If gas production ex 
ceeds the demands of the new engine, 
it will be stored in the existing pres 
ure-tvp as holder. Whenever the 
pressure in that holder approaches 50 
p.s.i., the new engine may be shut down 
and the large generator started up; its 
operation can continue until such time 
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as gas pressure in the holder drops to 
a few pounds. As there should never 
be any occasion to use outside power 
for pumping sewage, so high maximum 
demands should not be encountered. 
The new equipment is just being in- 
stalled. By its installation, it is hoped 
to keep the maximum demand below 
25 kw. and all power bills below $170 
per month. Had this engine been in 
use from July 1946 to June 1947, in- 


elusive, the annual savings in power 
costs would have been about $460. 
though this saving is not large, it 
represents a good return on the addi- 
tional investment. After the installa- 
tion, it is believed that the Butler set- 
up will be considerably more flexible 
than it has been in the past with only 
a gas engine-generator set, or than it 
would have been with only duplicate 
engines direct-connected to pamps. 


WHAT OPERATORS WANT IN SEWAGE PLANTS * 


Chairman Leroy W. Van Kleeck, 
Principal Sanitary Engineer, State De 
partment of Health, Hartford, Conn.: 

In this discussion it is hoped to gain 
the ear of the consulting engineer. 
Unquestionably, a keen operator can 
contribute to better design and better 
treatment through his intimate knowl 
edge of the operation of his plant and 
his observation of practical conditions 
and effects. What the operators have 
to say surely should be worthy of at- 
tention 

Uhl Mann, Superintendent, Sevw- 
age Treatment Plant, Syracuse, N. Y.: 

Someone has said that the perfect 
sewage plant is vet to be built. IT am 
sure most operators will agree. The 
answer to what operators want in sew- 
age treatment plants can be easily 
stated in very few words—better treat- 
ment plants. 

Probably, the most important factor 
affecting the success or failure of a 
sewage treatment plant is that of plan- 
ning by those responsible for the proj- 
ect—planning in the broad sense. 
Such planning should include the cor- 
relating of all the various groups 

* From transcript, 1949 Operators’ Forum, 
22nd Annual Meeting, Federation of Sew 
age Works Assns.; Boston, Mass.; Oct. 17 
20, 1949 One of six subjects discussed; 
discussions of other subjects have been pub 
lished in Tris JovurnaL, 22, 2, 245 (Feb., 
1950), and 22, 3, 357 (Mar., 1950).] 


having an interest in each sewage 
treatment plant; namely, the public, 
government agencies, manufacturers, 
contractors, and the operator. In some 
instances there is overlapping of in- 
terests and in others there is a wide 
gulf. It is not proposed to say who 
should take the lead in correcting this 
fault, as that will vary with cireum 
stances. Such a solution, however, will 
give sewage plant operators what thes 
want most-—better sewage plants. 
The actual building of a plant can 
be done piecemeal, but the planning 
should be long-range and thorough 
For example, the following might be 
credited to lack of panning, te poor 
planning, or even to no planning 


Poor sites. 


2. Wrong types of plant 

3. Lack of capacity 

4. Poor design of units and layout 
5. Improper operation, 


The last item may sound strange corn 
ing from an operator, but it is be 
lieved that the designing engineer 
should have an inherent responsibility 
to see that his creation is used as in 
tended and to the best advantage. 
Still another case, which it is agreed 
is rare, is the sewage treatment works 
designed and built for a community 
that later cliscovers it is financially un- 
able to operate the plant in a manner 
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in keeping with the plans of the de 
Any 


efficient manner defeats in a large sense 


signer plant operated in an in 


for which it was intended 


the purpose 


This is a good example of lack of 
thorough planning by all the agencies 
involved 

These comments are very general, in 
order to speak 


for all operators. To 
mak for vself | ant i 

speak for mysell on Wha Want in a 

sewage treatment plant would take all 


What 


sewage plants can best be summarized 


morning operators Want in 
by a plea for greater mutual coopera 
tion in the direction of planning and 
together for the betterment 
of sewage treatment as a whole. The 
better 


working 


final result will be sewawt 
plants 
JK 
ade Treatment 


Both 


would 


idams, Superintendent, Sew 
Plant, Tenafly, N. J 
and manufacturers 
benefit 
treatment 


ope rators 
more fre 
plants by 


derive from 


quent Visits ut 
trained representatives of 
The 
first-hand 
m how their products are standing up 


technically 


it makers manutactur 


vain information 


inder usages Improvements 


varying 


ign or materials might be ex 


pected from such observations, and un 


the operator could pick up 
vestions from these contacts 
ader experience of the manu 
uld enable him to suggest 
hnique or maintenance 
valuable to the operator 

is there are sewage plants 

perators no doubt will be hoping for 
methods of dewater 


Mi ani al 


all practical purposes 


ind better 


means are si 
vacuum filter and it is to be 
hoped that improvements in the design 
of these un i sult in 


repairs and 


reductior 


maintenance as chang 
ing covers and renewing the wire mesh 
supporting the « loth eovers. Could not 


be ‘Si! 


removable sections 
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winding wire and eross wires could 


be dispensed with? 
also be happy to 


see more resistant alloys used in vacuum 


Operators would 
and filtrate pumps from handling low 
pH filtrates. I would like to put in 
plug Saran pipe, 
which we have used on our vacuum 
filters 1944. Not a single leak 
has occurred in this pipe, although it 


another here for 


since 


is in continual contact with filtrate con- 
taining ferric chloride with a pH 
around 4.0 or 5.0. 

My third suggestion has to do with 
design and is entirely impractical with 
regard to benefiting any existing plant. 
Perhaps, however, some operator in a 
vet te built may 
adaches if the plant engineer 
that, unlike our plant, 
the underdrains and the bottom 6 in 
sand filters will not be 
This 


organic 


plant be saved 
some he 
will design so 
of sand in the 
ontinuously immersed in water. 
results laver of 
hydraulie 


matter rvravates the 
deficiency and results in poor drainage 
Another foot difference in evaluation 
improved tremendously 


these sand filters 


would 


have 
operation ot 
For the 


an automatically 


removal of screenings taken 
cleaned bar 
screen, 


or for a hand cleaned 


quantity involved is ex 
ceptionally small, I] would like to see 
the operator relieved of the disagree 


hauling 
wheelbarrow or a 


able and primitive task of 


these awav in a 
The 


material is 


bucket ideal way to move such 


air ejector, a de- 


and low 


destrue 


ioderate first cos 


expense. Final 
oil burning incinerator 

et end to this un 

step in solids removal. This 
of disposal would not apply, 
to plants equipped with 
settling tanks, either with or 
me of 


the several screenings 


nm the market We have 


these at 


Tenafly 


\ air is available 


pressure 


for aeration tanks or other stirring 


ong 
| 
his 
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maintena 
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would 

pleasan 
primary 
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= 
grinders 
ee could be quickly set In place and held 
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operations the plant operator may find 
it advantageous to use a small amount 
of this air for lifting the return sludge 
or the excess sludge, before dewater- 
ing. The air lift is a very simple in- 
expensive device with no moving parts 
for raising liquids short distances 
against low heads. There is no piece 
of equipment in our plant which does 
its work 24 hr. a day with so little 
maintenance or attention by the opera- 
tor. 

We have made another very helpful 
use of air. A small hole was tapped 
back of the return sludge adjusting 
valve so that whenever a stoppage oe- 
curs in the return sludge line, which 
happens once or twiee a year due to 
grit, we just hook a hose on to that 
nipple and turn on the air. It is only 
a matter of minutes before the whole 
line is cleared. 

{ read recently (Tuts JOURNAL, 
Sept., 1949, p. 918) of the difficulties 
experienced at Buchanan, Mich., in 
emptying a digester because the drain- 
age pipe was not at the bottom of the 
tank We are free from digester 
troubles, not having these units; but 
complaints are loud and vigorous every 
time we empty an aeration tank. The 
tank bottoms are either flat or, in some 
instances, slope away from the drain. 
We have to use a gang of men in boots, 
with brooms, to push the last 6 in 
of mixed liquor from one end of the 
tank to the other. Surely a tank could 
be designed so as to maintain a uni- 
form static head on the diffuser plates 
and yet permit the tank to have an 
adequate pitch toward the drain. How 
ahout using a tapered plate holder box 
with its top side level and its base 
sloped to conform to the slope of the 
tank bottom? Another caution—where 
plate holder boxes are set on the tank 
floor at right angles to the direction 
of drainage flow, wide enongh open- 
ings should be provided to allow the 
liquid to pass the boxes and not be 
trapped behind them. 

Another point, which may be a lux 


ury item, is an aerometric device for 
each aeration tank separately. We 
have wanted a number of times to com- 
pare the effect of different factors, 
such as solids, on detention period and 
load, and have found it impossible to 
measure the air that each tank was 
receiving. The final D.O. is measured 
and the flow through the tank is known, 
but we still don’t know the whole pic- 
ture. It would be very useful if a 
device could be produced to secure that 
information. 

R. H. Ritter, Partner, Whitman, 
Requardt and Associates, Baltimore, 
Md.:—I have heard the complaint for 
20 years that the engineer doesn’t get 
down to the operator, and I have made 
it a personal point to do just that. 
However, I thoroughly agree with the 
operators that every arrangement 
should be made to satisfy them in 
small things that do not cost too much 
money in the aggregate. For instanee, 
the design of an aeration tank as pro 
posed might be expensive. Neverthe- 
less, we have to give and take some- 
times, and some of us younger 
engineers are listening to the opera 
tors. 

F. W. Jones, Partner, Havens and 
Emerson, Cleveland, Ohio:—I'd just 
like to say, speaking for only one con 
sulting engineering firm, but I am 
sure they will all agree with me, that 
we do want to give full consideration 
to the operator. On my very first job 
(and that was a long time ago), we 
had a vertical pump that got plugged 
up. I had to elean it, and T took all 
the skin off the back of my hand get 
ting down under. Ever since, when 
i have had anything to do with a pump 
it has been placed where an operator 
can get at it. Although there are 
many things that occur in the design 
where we are always pleased to con- 
sult an operator, our experience often 
has been that the operator thinks of 
the things he’d like after the plant is 
built, not before. Then again, once 
in a while an operator will find that 
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some of the things he gripes about were taken just to be able to do that, 
aren't as bad 


as he thought they were and to my knowledge 


those plates have 
in the beginning 


never been off. We have a fine plate, 


V. P. Enloe, Superintendent, Clay ind I like the design, but IT would sug- 
ton Sewage Treatment Plant, Atlanta, vest that they be installed where some 
Ga.:—It would be nice if all plants means is provided for carrying the 
had some place for the operators to grit away. Ours happens to open in 
eat their lunch. That is one item the basement of a chamber where it is 


Also, I'd like te add to what has just as hard, if not harder, to get th 


said about drains. One of the grit out as through the roof of the 
thinvs about a plant are floors digester itself. The manhole was put 
will drain, not only in the botton n at tl suggestion of an operator. 
eration chambers or digesters, but too. The suggestion was good, but the 
elsewhers I wish I didn’t have — result was misplaced 
or in my own plant that was level, W. E. Merrill, Public Health Ena 
ding each one sloped toward a neer, Ntate Department of Health, 


n Boston, Mass.:-A\ number of good 
R. Howard, Assistant Desiaqn En plants have been built, with evervthing 
meer, Burcau of Public Works, The in operator desires After the plants 
Vetropolitan District, Hartford, Conn.: are built, however, it is almost impos 


d like to bring up one point in — sible to get competent men t 
onnection with digesters that also has them at the 


oO Oonerate 
salaries paid I have in 


appealed to me; that is, an access man mind one treatment pl 


t ea plant that cost 
at the bottom of the vertical wall, $800,000 or $400,000 to build. After 
hat when the digester is emptied, t was completed the operators hired 
possible to get in there and work vere verv low grade The plant is 
less difficulty than going clear to nly 7 vears old, but requires an ex 
op and climbing down inside penditure of $98,000 for repairs 
O. Barrett, Superintendent, West Better met paid adequate salaries 
Newa Treatment Plant, Cleve ‘ ld hav ven better plant opera 

Ohi I know of one digester tion and been an eeonomical invest 
el ver elaborate pre mtions nt all ! 


THE DAILY LOG 


Aurora, Illinois 


By Water A. Sperry, Superintendent 


December 1 Mavor has deplorable f often heckling news It presents an 


on remedied in overflow sewer nterestine nbli 


he foot of Rathbone Ave Whilk The ‘‘experts’ ’’ names were not stated 


relations problem 


will help a great deal and is a big Examination of the facts reveals that 

n th ! ht direetior t is onh t} ron of the sewer originally was 
mporary measut Experts say t off at the ends of the wing walls 

vy to really solve this prob f the S-ft. combined sewer, and the 
Bf nt large sewer pip storm flows 1dually washed a size 
ant ” , ble and leep pool at the end of the 

3 caption appeared recently on a ipron (Figure 1). Thus, the flow 
tu ! small weekly advertis id not all drain down the 200-ft 
paper carrying a few paragraphs innel to the river. During the sum 
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mer this pool created small local odor 
nuisances due to the sanitary sewage 
carried; the paper protested. The 
remedy applied was to fill the pool area 
with gravel and rock, which was then 
surfaced with a slab of conerete, so 
that the channel could drain to the 
river. Evidently, this solution did not 
satisfy the editor. 

December 16—The highway super- 
intendent came rushing in at noon, 
during a heavy rainstorm, to say that 
a manhole cover was dancing some & 
in. above its ring on a head of water 
boiling up out of one end of the 
Montgomery Bridge river crossing si- 
phon. Our men rushed down immedi- 
ately and threw a temporary earth 
dam around it to divert the water 
to the river and off the highway. 


FIGURE 1.—Pool scoured by storm flows 
at outlet of 8-ft. interceptor. 


Later, a study of the whole system re- 
sulted in a very muddy pair of good 
trousers and the sure knowledge that 
the 16-in. pipe of the siphon system 
was plugged. <A local plumbing firm 
was called to clear the stoppage with 
Rotorooter equipment. It is almost 
certain that some planks are lodged 
in the siphon and that it is well filled 
with clay and snail shells, possibly as 
the aftermath of a break in this system 
some years ago. 

December 21—-A regional park engi- 
neer called for our immediate presence 
to decide how and who was to repair 
a break in a 24-in. interceptor belong- 
ing to the District and running through 
a new park development. The sewer 
had but 1 ft. of cover and by good 
fortune the break was discovered by 
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the bulldozer operator before he ran 
into it. It was uncovered and cleaned 
out. The bottom half was sound, so 
the break was covered with a piece of 
heavy galvanized sheet iron extending 
well onto the sound ends. Then some 
2 cu. yd. of ‘‘redimix’’ concrete was 
dumped onto it, being careful to carry 
the concrete well down on the sides 
and to firm earth. Afterwards, some 
steel highway reinforcing mesh was 
well embedded in it and a cover of 
earth applied to prevent freezing. 
January 5—-Unusually heavy rains in 
December (6.3 in.) and an additional 
2 in. so far this month caused the river 
to rise and completely flood out a 
siphon crossing. Dilution by both 
storm and ground water has lowered 
the B.O.D. of the raw sewage from 
160 p.p.m. to 60 p.p.m., and the sus- 
pended solids from 200 p.p.m. to 115 
p.p.m. and less. Gas volume has 
dropped from 45,000 eu. ft. per day 
(Dee. 1) to an all-time (20-yr.) low 
of 6,400 cu. ft. per day. 

Because of insufficient gas, even the 
heating boiler was out of operation, 
and the screen house incinerator was 
shut down. Sereenings were hauled 
out and dumped and the water pipes 
began to freeze. Office and workroom 
temperatures were 50° to 55° for days. 
In addition, the digester temperatures 
dropped gradually from 88° or 90° 
to about 65°, which also added to the 
loss of gas production. Additions of 
cold sludge during this period only 
aggravated the situation. 

Meanwhile, the pump engines and 
filters were shut down and the gener 
ator engines were switched to gasoline 
fuel. However, a good half day was 
required to dismantle and clean the 
carburetors of the gas-gasoline fueled 
engine because the fine gasoline jets 
were fouled by the long period of op- 
eration on gas. The combining of two 
earburetors in a dual-fueled engine 
may not be the best design. 

January 6—Of course, the gasoline 
fuel pump would pick now to act up. 
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A float-operated motor drives a rotary 
pump mounted in a 2-gal, tank to 
supply the engines from an outside stor 
ave tank (an insurance requirement 
The outfit became temperamental 
running a few hours and then stopping 
A slight twirl of the shaft with the 
fingers would start it, but the cause 


could not be found. The motor had 

lent 
condition Ly spite ove rhauling of the 
pump, and then replacement with a 


been rebrushed and was in excel 


new punip assen bly, the same tempera 
mental operation persisted. Finally, 
in desperation and to protect the 
night man from engine stoppages, the 


ber 


supply pipes were broken and rub 
tubing was placed to siphon gasoline 
directly from the tank to the engine 
It was quite a trick to start the siphon 
but it was accomplished by connecting 
a Gooch filter flask in the tubing to 
avoid a gasoline ‘‘cocktail’’ while 
king to exhaust the air. After a 
few hours. this too failed, due either 
of gasoline Finally the pump was 


reassembled and the chief day operator 


to air bubbles or to the volatile nature 


found that by disconnecting the float 
and allowing the motor to run con 
tinuously, with the surplus gasoline 
draining back into the supply tank. the 
apparatus ran like a charn 

January 9—During this low gas p 
riod it has been questionable, when 
leaving the plant at night, whether or 


not the row of emergency kerosene 


lanterns will have to he used before 
morning This morning, however, wi 
arrived to find the plant in confustior 
and excitement. During the night two 


sharp explosions in the big muffler 
(an iron drum, about 15 ft. long and 
® ft. in diameter, mounted on braekets 
on the pumproom wall) almost seared 
the night operator out of a year’s 
growth No damave was done to the 
muffler, but the gasket was blown out 
f the long inspection plate and an 
oily soot filled the whole room. The 


night operator was as black as the 
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ace of spades and it took 3 men all 
day to clean up the mess 

The monthly Board meeting had to 
be held downtown (in the District At- 
It did not take much 
persuasion on the part of the District’s 


superintendent to secure authorization 


torney's office 


to purchase an oil burner for one of 
the two gas-fired furnaces 

January 10—-Among the lesser annoy- 
ances that plague us during this low 
yas period is the failure of the motor 
on the sump pump in the pump room 
Twenty years of service, however, in 
the slight but constant presence of 
HS, well justified a new armature and 
rewinding. The failure necessitated 
rigging an ejector with piping and 
hose lines, but due to frequent engine 
off-periods we cannot prevent occa 
sional floor flooding to add to our dis 
comfiture, 

With no gas available, it is necessar) 
to protect the piping in the secondary 
tank pumphouse from freezing. An 
il burning stove solves that problem, 
but it has to be refueled and attended 
to 
January 11—An oil burner for one 


of the gas-fired furnaces has been found 


and installed Its purchase was well 
advised, as there are two or three pe 
riods of low gas production each year 
none has ever been so severe as the 
present one, however. The first notice- 
able effect of the new burner was the 
omfortable temperature of the office, 
laboratory, and work room 
January 14—Gas formation has in- 
creased to 11,000 eu. ft. per day, a 
direct result of warmer water in the 
digesters Undoubtedly, as the di 
gester temperature comes back to its 
normal of 88° to 90° there will be a 
large surplus of gas. Sludge records 
show that, with a temperature of 90 
and with 5,000 lb. of equivalent dry 
sludge per day available, a gas yield 
of 45,000 eu. ft. per day ean be ex- 


pected. During most of the low gas 
period just passed, there was nearly 


as much sludge available as usual, but 
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the digester temperatures were about 
20° below their normal operating level. 
The next phase should be of interest, 
as we will probably have more gas than 
we can handle! 

January 15—Glancing back over the 
entries of the last 6 weeks calls to 
mind that: ‘‘There was a man in the 
land of Uz whose name was Job and 
that man was perfect and upright and 
one that feared God and eschewed 
evil’? (Job 1:1). We sewage plant 
operators, too, are faithful, alert, and 


Austin’s present sewage treatment 
plant was placed in operation in May, 
1937. It is a conventional activated 
sludge plant with primary settling and 
separate two-stage sludge digestion. 
The digested sludge, which contains an 


average of about 6 per cent solids, of 
which about 57 per cent is volatile, is 
pumped to conventional drying beds. 
When sufficiently dry the sludge is 
stripped from the beds and ground in 
a hammer mill, to be sold as fertilizer. 
To a few customers who can use un- 
ground fertilizer, the dried sludge is 
sold directly off the beds. 

Although Austin has never adver- 
tised the sludge fertilizer through paid 
advertisements, a remarkable demand 
for it has developed. Golf elubs use it 
on both their greens and fairways. 
The University of Texas uses it on its 
athletic fields; a few farmers use it for 
starting plants, and many home owners 
use it for fertilizing their lawns and 
shrubs. It has found favor for these 
purposes not only because of its quick 
yet lasting fertilizer value, but also 
because it does not ‘“‘burn’’ plants 
easily and because it is almost entirely 


EXPERIMENTS IN COMPOSTING DIGESTED SLUDGE 
AT AUSTIN, TEX. 


By A. H. ULLRIcn anp M 


Supt., Water and Sewage Treatment, and Asst. Supt. and Chemist, Sewage Treatment, 
Austin, Ter. 


loyal to our duties. Nonetheless, 
troubles descend upon us even as they 
did on Job. And like Job we usually 
are equal to the occasion, for Job 42: 
16-17 tells us: ‘‘After this lived Job 
an hundred and forty years... 
(and) died being old and full of years”’ 
(and prosperous). Now that things 
have quieted down, the thought per- 
sists that these periods of trouble are 
good for us. They help to tie the 
men together as a team to lick a given 
situation. 


W. Siri 


free from weed and objectionable grass 
seeds. At the present time the City is 
unable to supply the demand. 

Although the digested sludge, when 
dried and ground, makes an excellent 
fertilizer, it does have an objectionable 
odor when used as a ‘‘spread’’ ferti- 
lizer and then wetted. This objec- 
tionable odor may persist from one to 
several weeks, depending on weather 
conditions when the sludge fertilizer 
is spread. It was, therefore, decided 
to conduct a number of composting 
experiments in an effort to find an eco- 
nomical method for removing the ob- 
jectionable odor and at the same time 
improve, if possible, the fertilizer 
value of the finished produet. 


Sawdust and Cotton Burrs 


Secause the wet sludge as pumped 
from the digesters will drain only par- 
tially on the drying beds before seal- 
ing itself and the beds (Figure 1), a 
large percentage of the moisture is re- 
moved only by evaporation. It was 
felt, therefore, that if a suitable com- 
posting material could be added to and 
mixed with the sludge as it was pumped 
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FIGURE 1.—Digested activated sludge 
without admixture after 30 days on drying 


bed, showing wet sludge between surface 
cracks. 


the admixture might keep 
the sludge in a 
thereby 


porous condition, 
shortening the drying period, 
as well as pro 


for 


viding an ideal 


thorough 


means 
mixing for 
composting. Consequently, in 
test 3% eu. yd. of hardwood 
sawdust was mixed with 10,000 gal. of 


obtaining 
later 
the 


first 
digested sludge as it was being pumped 
to a small drying bed on October 14 
1948 

The mixture, 


rood 


although wet, had a 
appearance on the bed from the 
start and no clear water separated to 
appear on the top, as is frequently the 
ease when sludge without an 
The 
inspected 
the 
it would strip easily from 
the filter bed Figures 2 and 3 

Therefore, on the 16th dav. the 


although still 


admix 


ture is pumped sludwe-sawdust 


mixture was from day to 


day, and on fifteenth day it was 


found that 
media 
mixture 
relativels 


moist was 


FIGURE 2.—Sludge with hardwood 
sawdust admixture, being stripped after 17 
days on drying bed. 


INDUSTRIAL 


was mixed 


WAS 
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stripped from the bed and made into a 
pyramidal compost pile approximately 
6 ft. square at the bottom. At the end 
of 3 the pile was completely 
turned and, 


weeks 
although no temperatures 
were taken, it was apparent that rela- 


tively high temperatures had developed 


dle ot the le 


The pile was turned 


more at the end of S weeks, at 


which time it was noticed that the ma 


terial had become 


and had a 
contrast to the 
digested 


sweet earthy odor 


objectionable odor moist 
sludge 


FIGURE 3.—Granular siudge with hard- 
wood sawdust admixture is readily spade- 
able for removing and composting after 17 
days on drying bed. 


same 
ceottor 


hardwood 


experiment was repeated 


burrs as a substitute for 


sawdust. Apparently, the 
cotton burrs required a longer period 
for decomposition, but the end results 
compared favorably with the hardwood 


sawdust admixture 


Planing Mill Waste 


On the streneth of the results ob 


tained with hardwood sawdust and cot 
ton burrs for admixtures, a series of 
started 


ves of planing mill waste. 


wert using various per 
This 


included a relatively 
of sawdust and wood 


as received, 
percentage 


ler, a large percentage of shavings, 


wood 


some chips It was, of 
The 
which as before 
with the sludge as the latter 


the beds, for 


predominately pine waste. 
this waste, 


pumped to varied 
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different tests from 1 eu. yd. to 12 eu. 
yd. per 10,000 gal. of digested sludge. 
In all cases, the mixtures were 
stripped from the beds as soon as prac- 
ticable and plant personnel was avail- 
able, the stripped material being stock- 
piled in piles of 20 to 25 cu. yd. each. 
The admixture of approximately 3 eu. 
yd. of planing mill waste to 10,000 
gal. of digested sludge seemed to give 
the best results. However, it was 
found that all of the stockpiled ma- 
terial could be successfully ground in 
the hammer mill after it had remained 
in the piles approximately 90 days. 
All except the larger slivers of wood 
and wood shavings had disintegrated 
and the ground material was light, 
fluffy, and had a pleasing odor. It 
should be noted, of course, that no 
grinding of this material was attempted 
immediately after appreciable rains. 
Concurrently with the tests using 
planing mill wastes as an admixture 
to digested sludge, one test was made 
in which approximately 6 cu. vd. of 
planing mill waste were added to 
10,000 gal. of digested sludge as the 
latter was pumped to a drying bed. 
Instead of stockpiling this material as 
described above, after suitable drying 
the mixture was stripped from the bed 
and made into a pile approximately 
12 ft. by 12 ft. at the base and 5 ft. 
high. A few shovels of soil were 
added while the pile was being formed 
in order to seed the mixture with soil 
bacteria. Six tubular air vents, 3 in. 
in diameter and fashioned from 14-in. 
mesh hardware cloth, were inserted in 
the pile at 3-ft. intervals. An 8&-point 
recording pyrometer was set up for 
recording the temperatures at various 
points within the pile. Temperatures 
were recorded in the middle of the 
pile at 4%, 35, and * pile depths; at a 
1 point, also at 4, and * pile 
depths; and at the bottom of the pile. 
One point of the pyrometer was used 
to record atmospheric temperatures. 
Temperatures within the pile were 
extremely slow to rise during the first 
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5 weeks, reaching a maximum of 112° 
F. at and pile depths. Other 
temperatures recorded during this 
period ranged from 75° to 110° F. 
The slow initial temperature rise is 
thought to have been due to the high 
initial moisture content of the ma 
terial, this being 76.4 per cent at the 
time of stripping from the bed and 
formation of the pile for composting. 
After the second turning of the pile 
(5 weeks after the pile was_ first 
formed), the moisture content had 
dropped to 30 to 40 per cent and the 
temperatures increased more rapidly, 
reaching a high of 148° F. in the cen- 
ter. The other temperatures recorded 
during this period ranged from 120 
to 130° F. This high-temperature 
stage persisted for approximately 6 
weeks, after which the temperatures 
decreased and the composting reaction 
was considered completed. The fin 
ished material had a good odor and had 
the appearance of very rich soil. 

A final experiment consisted of add- 
ing 1 part of sawdust to 3 parts of 
dried digested sludge as the latter was 
stripped from the beds, grinding the 
two in the hammer mill to reduce the 
sludge and at the same time mix it 
with the sawdust, then stockpiling the 
mixture and watering it at intervals 
After about 8 weeks the mixture had 
lost its offensive sludge odor. The 
sawdust had not disintegrated as in 
composting. Neither was there any 
noticeable temperature increase dur 
ing stockpiling. However, when the 
mixture was used as a ‘‘spread’’ fer 
tilizer and watered, there was no ob- 
jectionable odor. 


Summary 

Mixing digested sludge with saw 
dust or similar materials for fertilizer 
use under certain conditions removes 
the offensive sludge odor. In the case 
of the Austin plant, mixing the saw 
dust directly on the drying beds per- 
mits the material to be stripped from 
1 to 3 weeks sooner after sludge pump- 
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ing. When handled in this manner, 
the mixture may still have a high mois 
but 


ground at a 


ture content it can be stockpiled 
date. After 


ng it will have the appear 


and later 
proper age 
ance of good compost 

To obtain rapid and true composting 
of digested sludge and pine sawdust, 
must be taken in 
making the compost piles and the ma 
terial must be turned 


This involves 


equipment 


considerable care 
several times 
appreciable labor or 

In the Austin plant, 
the chief 
it may not prove feasible to 


costs 


where odor removal is now 
objective, 
resort to r ipid and complete compost 
ing of this mate 


W her 


readily available, or where they cause 


rial 
sawdust or like materials are 


a definite disposal problem, their use as 
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an admixture to digested sludge fer- 
tilizer seems to offer advantages. Of 
the materials tried at the Austin plant, 
hardwood sawdust was the most desir- 
able because it decomposed more read- 
ily than did 
mill waste 


pine sawdust or planing 
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TIPS AND QUIPS 


Preaeration Data Wanted 


Operators of treatment plants in 
corporating preaeration units are urged 
reports, data, and 
Roe, The Carbo 
Company, Refractories Di 
Perth Amboy, N. J. 

Mr. Roe is compiling a comprehen 
sive paper on the subject for the 25rd 
Annual Meeting of the Federation to 
be held in Washington, D. C., in Oc 
tober, 1950, and is anxious to secure 
all the background information and 
lata available. To facilitate 

in submitting the material 
Mr. Roe will be 

st a simple 1-page questionnaire he 
that outlines the type 
desired 


to st nd ope ration 
comments to Frank C 
rundurm 


Vision, 


cooperatio 


vlad to furnish on re 


prepare ad 
information 


No Cause for Alarm 


Just in ¢ vou've heen wondering 


t is extremely unlikely that radioactiv: 
upset the 


sewage treatment 


wastes will 
biological 
This comforting thought was expressed 


In a paper preset nted at the 22nd An 


functioning of 


plants 


nual Meeting of the New York State 
Sewage Works Assn., held in New York 
City, January 20-21, 1950. 
according to J. A. 
assistant U. § 
Atomie that 
the biological organisms have a toler 
ance of about 400,000 that of 
humans, and ean assimilate or concen- 
trate radioactivity on the 
100,000 times 


In general, only two sources of radio 


The rea- 
son, Lieberman, 
sanitary engineer, 
Energy Commission, 1s 
times 


order of 


active wastes exist, at least as far as 
normal treatment plants ar 
The first consists of radi 


such as hospitals, industry, 


concerned 

‘isotope users, 

and re 

search institutions; the second, of acci- 

dental spills in AEC plants or during 

Trouble from either 
} 


to an absolute 


transit. source 


is eut minimum by 


rigid eontrol on radioactive 


through 


wastes 
assured and de- 
pendability of isotope users, notifica- 
tion of State health 
widespread dissemination of 
mendation for disposal 
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event, the half-lives of the usual clini- 
cal isotopes are short (less than 14 
days) and concentrations are compara- 
tively low. 

Measurement of the ‘‘hotness’’ of 
the wastes is, of course, a matter for 
trained personnel. Some idea of the 
small values involved are contained in 
the standards set for maximum per- 
missible limits in drinking water of 
some of the commoner radiosotopes, 
such as P*? (4.87 X 10° p.p.m.) and 
I 1.2 p.p.m.). 

Anybody want to split an atom? 


Sludge Pumping 

The Guildford Rural District (Eng- 
land), serving several villages that are 
comparatively isolated as far as sewage 
treatment is concerned, has worked 
out a method of sludge pumping and 
servicing that may well be adopted in 
other locations facing the same prob- 
lems of dispersion, small labor foree, 
and lack of funds. In addition to the 
three main plants, there are five smaller 
ones, each equipped with sedimenta- 
tion tank, trickling filter, and final 
settling tank; primary sludge is either 
dried on beds or pumped to agricul- 
tural areas for disposal by the trench- 
ing method. Final tank sludge is usu- 
ally pumped to mix with the raw sew- 
age, except during the spring unload- 
ing period of the filters, when it is 
preferable to use sludge beds or land 
disposal, 

No pumps are provided at the 
smaller plants; sewage flow is by grav- 
ity and sludge pumping is accomplished 
by a trailer-mounted pump serviced by 
a ‘‘flying’’ squad of four men. This 
crew. with the three men stationed 
permanently at the largest works, con- 
stitutes the entire personnel comple- 
ment of the system. 

The mobile squad visits each treat- 
ment plant where pumps are involved 
and each pumping station daily. Each 
gravity plant is visited three times 
weekly for tank cleaning and attention 
to filter distributors, ete. 
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Credit Line 

Through an oversight, authorship 
credit was omitted for ‘‘The Sewage 
Plant Operator Has a Headache,’’ pub- 
lished in last month’s Corner (March, 
p. 375). The bard was Frank Wood- 
bury Jones, consulting engineer of 
Cleveland, Ohio; the verse, the pro- 
logue to his paper on ‘‘ Aspirin for 
Operators’ Headaches,’’ presented at 
the 21st Annual Conference, Pennsyl- 
vania Sewage and Industrial Wastes 
Assn., State College, Pa., Aug. 24-26, 
1949, 

Natural Sludge Concentration 

It is apparent that the higher the 
solids content of both fresh sludge and 
digested sludge, the better the conser- 
vation of tank capacity, and the less 
the strain on dewatering facilities. In 
this connection, Frank Woodbury 
Jones, consulting engineer of Cleve- 
land, Ohio, in a paper presented at the 
1949 Annual Conference of the Penn- 
sylvania Sewage and Industrial Wastes 
Association, called attention to the 
possibility that digested sludge will 
have a greater concentration of solids 
if drawn when the barometer is high 
than it will if drawn when the pres- 
sure is low. 


All of which can be summed up in 
one of those jingles of the type so 
popular with amateur weather ‘‘ex- 
perts’’: 

Barometer high—draw sludge to 
dry ; 

Barometer down—leave sludge, or 
drown. 


The Modern Way 


Development of a rat trap that 
electrocutes the rat and sprays the 
carcass with a material that kills fleas 
and ticks puts man one up in his battle 
against the rodents. Masking the odor 
of the insecticide with the synthetic 
scent of some flower is obviously the 
next step. One thing that they can't 
find a substitute for, however, is the 
personal satisfaction derived from de- 
stroying another rat. 
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SEWAGI 


It’s in the Bucket 
City officials do not always apprecl 
ate the interest of their constituency in 
local 


the mayor 


problems. Certainly, however 
Sheridan, can 
hardly pas ff shrug of the 
‘Letter to the 


Sheridan Sun: 


with a 
shoulders following 


Editor”’ 


Polk County 


shere Hizzoner 
’ off his eon 
snapping his g 


P00 th 


or stid of 


towns Now, 


ise if 18 more 


haint ne 


wasn ‘t ne 
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of the fellers whicht does the rope 


rope up 1 he 3 an it stays there, 
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end over acrost the ocean to India an get one 
trick. 


You know, where they throw one end of a 


then they 
lisappear. You 


f sewage every time he 


I 

li could 

aint no use a beatin’ around 

, is gona hev to tell the 

mpin like this. ‘‘The law 

a 200 thousin dollar City 

er the law is good or aint 

10 difference, as your Mayor 

And the onliest place 

n’ from is the tax payers 

May when I think of all the 

in an savin an seratchin an serabbelin 

gona tak money I feel 

vful In fakt I feel awful awful. As your 

Mayor, in fakt I feel like bustin out cryin’; 
1use one of them tax payers IS ME.’’ 
Yourn, 

His iggnerent X 


to raise that 


(Eprror’s Notre: In 
kets His Iggnerent X is referring to the 


ment made here at the Chamber of Com 


commenting on the 


meet weeks ago when a rep 
Authonty 


said that heridan could build a sewer sys 


esentative oO the State Sanitary 


tem or haul it away in buckets. 


Tight Squeeze 


Rather than S210 of 
conerete slab to install an important 
a North Da 


engineers re- 


tear up 


under 
runway, 
‘*mind-over-mat 


telephone cable 
kota air base 
cently resorted to the 
ter’’ method of solving the problem. 
Key spot in the 
eupied by an 18-0z. pet ferret, fitted 


undertaking was o¢ 


with a harness, to which was attached 
a light string. It took the ferret only 
290) minutes to traverse the length of 
dragging 
pull 


eh heavier cords, then steel cable, 


conduit, 
used to 


the small-diameter 


which was 


and finally the heavy telephone cable 

We've heard of ridge runners, rum 
runners, and joint runners, but ‘‘cable 
Wonder what 
the ferret would have done if he had 


met an obstruction in the tube? 


runner’’ is a new one. 


: 
572 
| 

Dear 
seer the nosepape the 
ibn Mayor of Sheridan is a t ar ae 
gettin ready ter tackel that there 
{ ext bizzness You a sure 
icky ter hev a ‘* rk shirt’’ may 
i ‘*stuffed shirt’’ one like sun 
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sewer expert but Ben Franklin bu 
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he river it ns all the fish. You might 


Association 
Arkansas Water and Sewage 
Conference 


Kansas Sewage Works Association 

Montana Sewage Works Association 

Marviland-Delaware Water and 
Sewerage Association 

Calitornia Sewage Works Association 

Pacitic Northwest Sewage Works 
Association 


Michigan Sewage Works Association 


New England Sewage Works 
Association 


Alabama Water and Sewage Association 


Central States Sewage Works 
Association 

New York Sewage and Industrial 
Wastes Association 
Spring Meeting) 

Institute of Sewage Purification 

Ohio Sewage and Industrial Wastes 
Treatment Conference 

Pennsylvania Sewage and Industrial 
Wastes Association 


West Virginia Sewage and Industrial 
Wastes Association 


lowa Sewage Works Association 


Georgia Woeter and Sewage 
Association 


Rocky Mountain Sewage Works 
Association 

Missouri Water and Sewerage 
Conference 

Federation of Sewage Works 
Associations 

North Carolina Sewage Works 
Association 


Place 
Robinson Memorial 
Auditorium, 

Little Rock, Ark. 
Lamar Hotel, 
Salina, Kans. 
Florence Hotel, 
Missoula, Mont. 


Fort Cumberland Hotel, 


Cumberland, Md. 
Lafayette Hotel, 
Long Beach, Calit 
Winthrop Hotel, 
Tacoma, Wash. 
Park Place Hotel, 
Traverse City, Mich. 
Hotel Sheraton, 
Worcester, Mass. 
Alabama Polytechnie 
Institute, 

Auburn, Ala. 


Indianapolis, Ind, 


Hotel Jamestown, 
Jamestown, N. Y. 


sjournemouth, England 
Gibson Hotel, 
Cineinnati, Ohio 
Pennsylvania State 
College 

State College, Pa. 
Hotel Pritehard, 
Huntington, W. Va 
Hotel Blackhawk, 
Davenport, Ta. 
Georgia Institute of 
Technok eV, 
Atlanta, Ga. 

La Fonda Hotel, 
Santa Fe, N. Mex. 
Sheraton Hotel, 
St. Louis, Mo. 
Hotel Statler, 
Washington, D. C. 
W ashington-Duke 
Hotel, 

Durham, N. C 
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Reviews and Abstracts* 


Interim Recommendations on the Dis- 
posal of Radioactive Waste by Non- 
A.E.C. Users. Circular B-6, Isotopes 
Division, Atomic Energy Commission, 
Oak Ridge, Tenn.; or Nucleonics, 5, 2, 22 
1949 
The National Committee on Radiation 

Radioactive 

sub-committee to 


on has appointed a 
Waste Disposal study 

d problem of radioactive waste and 
ommendations for authorita- 
ype ted that this commit- 


tive use It ise 
ll require several years 


to present 
their recommendations. Inthe meantime 
a group of 24 radiological scientists repre- 
senting industry, medical science, univers- 
ity research, and the Atomic Energy Com- 
mission met in Washington to consider 
interim reco! 
of radioactive 
users. Detailed rec 


adopted tor the 


imendations for the disposal 

wastes by off-commission 
ommendations were 
of radioiodine, 
is ind radiocarbon by one 


disposal 


or more 


I f the following me thods: dilution 
with water, a r other media dilution of 
with a stable isotope be- 
|; dilution with media such 

burial; and confinement 


after reducing the bulk liquid waste by 


as concrete and 


evaporation, precipitation, ion-exchange, 
ncineration The concentrated radio- 
rctive iteria f long life would be con 
fined more ess indefinitely and materials 
of short lf-life would be stored until the 
tivity deca to a value which would 
llow disposal by dilution and dispersion 


L. R. SeErrer 


Psychological Factors in Atomic Warfare. 


By J Am. Jour Publi 
Health, 39, 969 (1949 
Radiation hazards are additional haz 
ards, wt nly add to the complexity 
andl pe ips the severity of the other haz 
r ting in 
nt ye 8 
sired, Address s 
Cha gn, 
i 


irds of total warfare. Therefore, we must 
not and cannot concentrate on this phase 
f atomie warfare to the detriment of other 
defensive preparations in the 
of the author. It 


ognized that the casualties caused by the 


“realistic” 
opinion must be rec- 
the atom 
‘many times greater than the 
deaths caused by radiation. 


blast and burns of this weapon 


bomb) will 
The errone- 
ous idea must also be dispelled that the 
escue work of the injured will be impossi- 
le due to residual radiation. The Hiro- 
shima and Nagasaki experiences show that 
only 5 to 15 per cent of the deaths were 
due to radiation. Strategically the bomb 
was developed as a blast weapon. 


r 
} 


The permissible radiation dose of 0.2 or 
0.1 roentgen per day, or 0.3 roentgen per 
depending on[[the authority, is a 
desirable maximum exposure for day by 


week, 


day contact with radiation or radioactive 
materials to avoid late complications. 

A distinction is made between the day 
by day “tolerance limit 
exposure to which might be 
tolerated in Variable thera- 
peutic experiences indicate that the median 
lethal dose is 150 roentgens. Con- 
sideration is given to a limit of 200 roent- 
total body 


and an acute 
radiation 


emergencies 
about 


gens as the acute radiation 
h may cause radiation sickness to 
50 per cent of 
The 
the not unusual multiple X-ray filming of 


4 patient in 


dose whi 
human subjects when de- 
livered acute dose is compared to 
i short period of time, which 
may well approach 25 roentgens, and full 
body radiation in doses of the order of 25 
to 100 


roentgens given to patients for 
treatment of various conditions 
further 


“acceptable hazards’’ 


The radiation hazard is com- 
pared with other 


point of military necessity. 


L. R. Serrer 


idicals, bulletins, special reports, ete., 
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Waste Disposal Symposium (A Review). 
Nucleonics, 4, 3, 9 (1949). 
Representatives of the U. 8. Atomic 

Energy Commission and other government 
departments met with representatives of 
the sanitary and waterworks engineering 
associations for a two-day seminar on gen- 
eral problems of the disposal of atomic 
wastes. Some of the pertinent facts dis- 
closed at the seminar include: 


1. Persons living at near sea elevations 
receive, during a normal life span, about 
2 roentgens of cosmic radiation as com- 
pared to 20 roentgens received by those 
living in the mountainous regions of the 
West. Many people are exposed at one 
time or another to the effects of X-rays or 
radium. One diagnostic chest X-ray is 
equivalent to about 10 r. 

2. Experience with X-rays and radium 
has shown that if a group of people were 
given a single dose of 450 roentgens of 
guimma radiation about half of the group 
would die. However, most individuals 
could take 450 r. if it were given not in a 
single dose but in a series of small doses 
over a period of several months. Most 
individuals can withstand a daily dose of 
1 r. indefinitely without apparent injury, 
although recent animal experiments have 
shown that 1 r. and even 0.5 r. per day 
produce detectable effects during the life 
Span 

3. A factor of safety of about 10 was 
used in setting the permissible exposure 
limit of 0.1 r. per day primarily applied to 
persons working in A.E.C. installations 
and physicians and nurses working with 
X-rays. (Consideration is being given to 
revising this tolerance limit to 300 mr. per 
week or, presumably, 50 to 60 mr. per 
day.) 

4. There is a tremendous difference be- 
tween the amount of radiation a person 
can take in the body as a whole and what 
he can take in a small part of his body. 
On a field '9 in. square, a dose of 5,000 r. 
is not infrequently used to cure a small 
skin cancer. A sear will persist, but no 
A tenth of this amount to 
the whole body would be enough to kill. 

5. Bacterial cultures have been found 
resistant to as much as 200,000 r 
have 


harm is done. 


viruses 
resisted hundreds of thousands of 
roentgens without effect; the lethal dose 
to 50 per cent 
has been reported as 300,000 r. 


L.D. 50) for paramecium 


The L.D. 
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50 for the pupal stage of some insects is 
150,000 r., 825 to 900 r. for the rat, and 
250 r. for the guinea pig. Plants, in gen- 
eral, are more resistant than animals. 

6. Exposure to internal radiation pre- 
sents a more tantalizing problem, as 
specific fission product wastes or isotopes, 
when taken internally, may localize in 
harmful concentrations in certain parts of 
the body. 

7. There many millions more of 
radioisotopes produced or needed to be 
disposed of within A.F.C. than are dis- 
tributed to off-area Most of 
the distributed radioisotopes (radioactive 
phosphorous and iodine) have fairly short 
half-lives, or are elements which are not 
specifically concentrated in a human 
body at the dilutions encountered after 
the experiment. There are as yet no 
large-scale users of radioisotopes in com- 
mercial processes. 

8. When a thing is made radioactive 
there is no way to cancel the activity 
other than natural decay. 

9, Induced activity in the air and dust 
of an air-cooled reactor pile and radio- 
active argon are the principal air contam- 
inants at Oak Ridge National Laboratory. 
The dust is removed by filters and the re- 
mainder diluted and discharged from high 
stacks. Various air sampling and elec- 
tronic instruments are used to monitor the 
air. The probable maximum concentra- 
tions of general radioactive contaminants 
in air beyond the A.E.C. area of control 
are 10°-* microcurie per liter for beta and 
gamma emitters, and 5 microcurie 
per liter for alpha emitters. 

10. Most of the fission product liquid 
waste has no present use and is stored in 
underground tanks and allowed to decay. 
At Oak Ridge, some liquid wastes con- 
taining less than 5 curies per day enter the 
White Oak Creek, and after detention for 
decay and precipitation in White Oak Lake 
enter the Clinch River at a level of less 
than 5 X 10° microcurie per liter. The 
total radiation level in the water of the 
lake must not exceed 100 millireps per 
day. A dilution factor of 20 to 1,000 
when the White Oak Lake discharge 
mixes with the Clinch River brings the 
contamination level many times below the 
safe concentration, currently placed at 
10-4 microcurie per liter for beta and 
gamma emitters and 107 microcurie per 
liter for alpha emitters. Safety factors of 


are 


users. 
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10 to 100 have been added to offset non- 
uniform mixing and biological, physical, 
ind chemical factors of concentration. 
Routine monitoring of the water, mud 
algae, and plant life permits a permanent 
record of radioactivity, both on and off the 
urea. 

11. Special containers are used to collect 
ind store all but a few millicuries of radio- 
ictivity per month from laboratories at 
Argonne 

12. The plutonium production plant at 
Hanford produces the largest volume of 
waste and the greatest quantity of radio- 
activity found at any site. The waste 


disposal system resembles the one at Oak 


ge 

13. Radioactivity complicates the dis- 
posal of solid wastes in the atomic indus- 
try. Useful material and equipment are 


decontaminated and reclaimed for on-area 


purposes where possible; otherwise they 


ire buried at a depth exceeding 10 to 12 
ft. of earth cover in carefully selected 
burial grounds. The grounds are fenced 
restricted, monitored, and permanent re- 
cords are kept. Some waste materials 
ire en ed in steel drums, which are 


lumped in the Pacifie Ocean many miles 


14. | <periments are in progress for the 
noval of long half-life alpha emitters 
from liquid wastes by means of the acti- 
vated sludge process. The radioactivity 
is transferred from the liquid to the sludge 
is the first step of a concentration and 
storage process, 


L. R. Serrer 


The Work of the Sanitary Engineer. [1 
L. B. Escrirr ann 8. F. Ricw. Mace- 
donald & Evans, London, England 
OSY pp 10449 
This book, styled ‘‘a textbook on water 

supply, sewerage, and the sanitation of 


buildings is based on a textbook by the 
late A. J. Martin, covering chiefly British 
practice and British law. As such, it 


presents al elementary textbook, which is 
of interest to those in the United States 
desiring a very general view of British 
sanitary engineering 

The book is divided into 59 « hapters ot 
h two are introductory (23 pp.); four 
on law and administration (63 pp.d; ten on 
water supply (127 pp.); eight on sanitation 


of buildings (4¢ pp.); nineteen on sewerage 
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and land drainage (159 pp.); fourteen on 
sewage treatment (189 pp.); two on public 
cleansing (21 pp.); and appendices, bibli- 
ography, and index (35 pp.). 

The chapters on sewage treatment are 
largely compiled, in general being quite 
out of date and at times misleading. 


LANGDON PEARSE 


Annual Report of Commissioner of Public 
Works, Fitchburg, Mass., for 1948. By 


J. M. Prerce. 68 pp. (1948). 


Included is the annual report (20 pp.) 
on the operation and maintenance of the 
sewage disposal plant, by W. Lamothe. 
During the year, the Imhoff tank and 
trickling filter treated an average of 3.95 
m.g.d., or 90 g.c.d., from 44,000 population. 
The average monthly flow varied from 3.14 
to 5.10 m.g.d. The removal of screenings 
averaged 2.9 cu. ft. per day. The operat- 
ing data are 


Design Average 
Kasis 1048 
Population 55,000 44,000 
Per capita flow (g.p.d 125 0 
Detention period, Imhoff 
tanks (hr 3 5.8 
Area of trickling filters 
acres 2.12 1.86* 
Load on filter (m.g 
acre/cay 2.00 2.12 
* In use 


The flow in the Imhoff tanks was re- 
versed monthly, the skimmings averaging 
2.9 cu. ft. per day. Of the 850,000 gal. of 
sludge pumped during the year, 100,000 
gal. were lagooned, and 750,000 gal. went 
to the drving beds, which were cleaned 
twice during 1948. 

The total cost of operation was $18,- 
977.27. No analytical data are given. 


LANGDON PEARSE 


Report upon the Reclamation of Water 
from Sewage and Industrial Wastes in 
Los Angeles County, California. By 
C. Arnoup, H. HepGer, ann A. 
M. Rawn. Planograph, 159 pp., 9 
plates (April, 1949). 

The report outlines an extended project 
for reclamation of waste waters in an area 
with less than 20 in. mean annual pre- 
cipitation and facing serious water short- 
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age if future growth expectations are 
realized. 
The Engineering Board finds: 


1. The critical shortage of water in sec- 
tions of Los Angeles County can in some 
measure be alleviated by reclaiming spent 
or waste waters. 

2. The system of trunk con- 
structed and operated by the County 
Sanitation Districts of Los Angeles County 
is so arranged as to permit the segregation 
of wastes which might otherwise so con- 
taminate the spent waters desired to be 
reclaimed as to render them noxious and 
unfit for reclamation. 

3. The existence of a complete and ade- 
quate sewerage system for use by the 
Sanitation Districts greatly minimizes the 
difficulties and building and 
operating water reclamation plants. 

4. The water which may be produced at 
spent water reclamation plants is of good 
quality, entirely acceptable, and better 
than some supplies obtained from under- 
ground storage or imported into the area. 

5. The reclamation of a satisfactory 
limited supply of water from the spent 
and waste waters of the area may be ac- 
complished safely and economically. 

6. Amendments to the Los Angeles 
County Flood Control Act and to the 
County Sanitary District Act would per- 
mit these two agencies to finance, plan, 
build, and operate the necessary rectifica- 
tion and distribution works. 


sewers 


costs of 


The report presents a statement of facts 
and findings. At present 95 per cent of 
the sewage and industrial wastes from the 
County is discharged at sea (over 100 
m.g.d.). Spreading areas would be oper- 
ated as slow sand filters. Reclaimed water 
could be used for agriculture, industry, and 
recreation, and for domestic purposes after 
blending with other underground supplies. 

The estimated cost of reclaimed water 
per acre foot varies from $9.30 to $19.05, 
according to location, as compared with 
$15.00 per acre foot for surplus unsoftened 
Colorado River water, or $20.00 per acre 
foot for surplus softened water. The 
effluent of various small sewage works 
could be reclaimed at a cost ranging from 
$26.00 to $90.00 per million gallons. 

The water reclamation process is dis- 
cussed under local conditions and the need 
for new standards relating to use of sewage 
effluents. The quality of the water re- 
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claimed depends greatly on the amounts 
of dissolved minerals present. Segrega- 
tion of certain wastes, such as brine from 
oil fields, will be required. 

The Public Health laws in California 
are cited. The use of reclaimed water in 
agriculture is limited by its constituents, 
particularly sodium, boron, chlorides, and 
sulfates. Industrial uses would be chiefly 
for cooling, fire protection, air condition- 
ing, clean-up, and gardening. Tests are 
cited at Rio Hondo on augmenting under- 
ground supplies and at Whittier on spread- 
ing effluent. At present the Flood Con- 
trol District is operating nine spreading 
grounds (962 acres) with a flood water 
capacity of 1,090 e-f.s. 

Estimates given on construction 
and operation cost of typical works at 
various localities. The use of existing 
sewage treatment plants as water reclama- 
tion plants is deseribed, including Tri- 
Cities (activated sludge); Whittier, El 
Monte, Covina, and Azusa (primary 
settling plus trickling filter). 


are 
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Pre- Design Report on the Proposed Sew- 
age Treatment Plant for the City of 
Tacoma, Wash. By 8. Seanroox 
and R.G. 31 pp. (1949). 

The sewage originating in the northerly 
portion of Tacoma and presently discharg- 
ing along the southwesterly shore line of 
Commencement Bay wil! require no treat- 
ment. Due to adequate currents in this 
vicinity, the extension of existing outfalls 
to about 40 ft. below mean low water will 
insure satisfactory dilution and eliminate 
the deposits of solids along the shore. 

The sewage originating in the southerly 
portion of the city and currently discharg- 


ing into the City Waterway and the 
Puyallup River must receive primary 
treatment. 

Because of the unusual water move- 


ments in, and the great depth of Com- 
mencement Bay, conventional primary 
treatment can be modified so as to consist 
of (a) primary sedimentation with floceu- 
lation; (b) the removal and destruction 
of all grease and floating material; (c) 
the chlorination of both sludge and efflu- 
ent; and (d) the pumping of the raw 
sludge to a point of discharge in the Bay 
about 2,500 ft. from shore at a depth of 
about 200 ft. 
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The City Waterway is a long narrow 


arm of the AV subject only to tidal 


‘he Puyallup River is a 
different problem. It will carry whatever 
uxed with it (juli kly into the center 

the bay At the mouth of the river are 
fishing grounds 


where grease or other 


floating material of sew we origin would 


be objectionable 


Consequently sone 


treatment is required for the sewage from 
six sewers, with a present population be 
tween 60.000 and 70,000, and a flow of 
100 g.c.d \ plant for 100,000 population 
being planned, W th in ultimate popula 
tion around 200,000 The sewage 
tains around 71.2 p.p.m. B.O.D. and 62 
p.p.m. ispended — solids 
infiltration occurs The initial 
ill handle 10 m.g.d 
The report states that an effluent con- 


taining 60 per cent of the B.O.D. of the 


Considerable 


construc- 


sewage would do no harm in the critical 
rea In a normal plant with sludge 
digestion, no sludge would go to the Water- 
way rhe authors propose to eliminate 
ge digestion and use part of the savings 
to make an effluent containing 40 per cent 
B.O.D 

Commencement Bay is an arm of Puget 
Sound, approximately 5,000 acres in ares 
nto which the Puyallup River discharges 


28-year average, 3,300 e.f.s.; minimum 


350 c¢.f.s.; average minimum, 700 c.f.s 
The tidal range is 13 ft From 500 to 
1,000 ft. off shore, 100 ft. of depth is found 
increasing to 500 ft. in the center of the 
DAY 

The Pollution Control Commission re- 
quires at least 5 p.p.m. of dissolved oxygen 
In August, 1944, the content varied from 
1.2 in the City Waterway to 7 at the 
mouth of the River, and 8 at the center of 
Waterwav is. the 


fates of reaeration are discussed, as 
well as the D.O. content of salt and fres} 
water ridal movements are expected to 
sid in dispersion and mixing 

The B.O.D. entering the bay is est 
mated at 57,000 Ib. per day, including 
Puyallup (14,300 lb.), Carstens (6,400 Ib 
and St. Regis (12,500 Ib.). 


aeration at the rate of 0.00022 lb. per sq. 


Assuming re- 
ft. per day. 5.000 aeres will provide {8.000 
A survey in April, 1949, indicated, on 

} 


the falling tide, B. colt per 100 ml. (M.P. 
N.) in the Waterway to be 12,000, in the 
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Puyallup River 15,000, off the mouth of 
each 510, and in the bay from 260 to 390. 


LANGDON PARSE 


Disadvantages and Advantages of Sewage 
Disposal in Connection with Agricul- 
tural Utilization. By JAN Wterzptckt. 
Gaz. Wodai Technika Sanitarna (Polish 
23, 198 (June, 1949 
The first instance of the use of sewage 

for agricultural purposes in Europe is re- 

ported to have been at Boleslawiec, Lower 
The sewage was used for 
res of forest land. In the 

latter half of the 19th century there was a 


Silesia, in 1559 


irrigating 37 


marked increase in the number of sewage 
treatment facilities which were combined 
with the disposal of waste on land (irriga- 
tion fields The rapid growth of the 
cities and the difficulties of increasing the 
gation fields (high cost and lack 
of adequate terrain) led to field overload- 
ing. In 1906 the agricultural groups of 
Germany stated that they were against 


trea, of irri 


the use of sewage for agriculture because of 
the difficulties of transportation and the 
high costs in comparison with artificial 
fertilizers Where the fields were of ade- 
quate size (as at Leignitz and Breslau) the 
Irrigation 
considered an old fashioned 
method of treatment when compared with 


results were very satisfactory. 
fields were 
the biological methods in use. Few new 
irrigation fields were placed in use between 
1905 and 1930 
prior to Worl 


During the 10-yve il period 
1 War II a return to the use 


of irrigation fields occurred in some coun- 


tries 
The disadvantages of this method in- 
clude the large land area needed (12 to 24 
rst re for plowed fields), the 
need for soil of suitable porosity, and the 


er A 
listance from town (because of odors and 
lition, if the water 
round sources, the 


e located down- 
stream from the source of water supply. 
Distance is important because pumping 
are related to it. The maximum is 


consi it re ] to be some vh if le ss th in 20) mi. 


erin now pumps some of its sewage a 
distance of 1S.6 mui. to igation fields. 


f plant life do not fare well 
when cultivated on irrigation fields, An 


exception to this are grasses, which 


presence of many weed 


seeds also causes complications 


A larger 
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labor force is required for the maintenance 
of irrigation fields than is required for bi- 
ological treatment plants. 

The operation of irrigation fields is as- 
sociated with additional difficulties. 
Wastes must be taken over the entire year, 
a practice not feasible from the agricultural 
standpoint. 

The irrigation of large areas has ad- 
vantages in that it benefits the social 
economy. Several hundred thousand 
acres of arid ground could be irrigated with 
sewage, and the sewage has valuable fertil- 
izer constituents (nitrogen, potash, and 
phosphates). Sewage also helps to in- 
crease the humus content of the soil. Ir- 
rigation fields could also be used with less 
pervious soils provided the dosage is regu- 
lated in keeping with the requirements of 
the plant life growing there. Only those 
cities located in lowlands would have 
difficulty in disposing of the sewage. In 
many places the sewage could flow to the 
fields by gravity. 

In Wroclaw (Breslau) only 65 per cent 
of the land is allocated to grass at present. 
In the new fields that are planned 90 to 
95 per cent of the area will be devoted to 
pasture. 

Conrap P. Srravus 


Economy of Sewage Sludge Gas Collec- 
tion. By W. Buckner. Gesundheits 
Ing., 70, 15/16, 252-9 (1949). 

The economy of heated and unheated 
sludge digestion tanks is compared, In 
addition to sewage sludge digestion, gas 
production from mixtures of sludge and 
garbage is used as a basis for calculations. 
From a heating standpoint: steel tanks for 
digestion are better than concrete; an 
organic insulation layer 6 to 8 cm. thick 
is best; heat loss of a 1,000-cu. m. tank at 
30° C. is 6,500 cal. per hr. per cu. m.; sur- 
rounding the tank with a glass wall is 
economical because the heat absorption 
from the sun is equivalent to the heat 
losses; intermittent heat from the sun is 
equalized by the storage capacity of the 
digester: a heated steel tank built above 
ground is most economical; utilization of 
the heat present in supernatant liquor 
covers 60 to 80 per cent of heat losses, 
savings being as high as the remainder of 
the heat costs; hot water coil heating is 
economically the equal of steam heating, 
the former having economical advantages 
and the latter operation advantages; the 
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small annual variations in heat require- 
ments and the large storage capacity of 
well insulated tanks reduce the cost of 
construction of heating devices and equip- 
ment; and the water content of the sludge 
affects heat requirements greatly, hence 
sludge should be concentrated, 

W. Rupo.rs 


Experiments on Precipitation of a Trade 
Waste Sewage (PartII). By C. Luma, 
J. P. Barnes, ano J. Biackpurn. 
Jour. and Proc., The Institute of 
Sewage Purification (England), Part 1, 
p. 96 (1947) 

Halifax sewage contains a large propor- 
tion of industrial effluents, principally 
greasy wastes from textile industries. 
Some form of initial settling aided by 
chemicals has been necessary before final 
treatment by trickling filters or the 
activated sludge process. For years, sul- 
furic acid has been used at Halifax. 

The problem of precipitation has been 
reviewed from time to time and laboratory 
studies were recently undertaken in order 
to study the various ferric salts. Tests 
were made on chlorinated copperas, ferric 
sulfate, ferric chloride, chlorinated cop- 
peras with sulfurie acid, and chlorinated 
copperas and lime. 

Chlorinated copperas was found to be 
more effective than sulfuric acid, but was 
much more costly. Results obtained with 
chlorinated copperas were only slightly 
different from those obtained with ferric 
chloride and with ferric sulfate. Small 
amounts of chlorinated copperas used in 
conjunction with pH adjustment by 
sulfuric acid provided good clarification. 
This combination would be more eco- 
nomical than the use of chlorinated cop- 
peras alone. 

Excessive amounts of lime were found 
necessary to achieve a reduction in the 
amount of chlorinated copperas required 
It appears that chlorinated copperas 
removed some impurities from true 


solution. T. L. Herrick 
CK 


Mechanical Filtration of Sewage Effluents. 
Part 1. Removal of Humus. By A. bh. 
J. Perret, W. F. Couiert, ann T. H. 
Summers. The Surveyor, 108, 551 
(Sept. 30, 1949). 

A study was made by the Water Pollu- 
tion Research Laboratory on methods of 
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reducing the quantity of suspended solids 
in sewage works effluents Rapid sand 
filters were tried as well as micro-strainers 
Laboratory tests were made to determine 
suitable types and grades of filtering 
material. 


At the Luton works two rapid pressure 


filters were set up Kach filter consisted 
of a vertical cast-iron cylinder 3 ft. hig 
ind 2 ft. internal diameter Filtering 
iaterial was supported on & pertorate i 


plate A rake which eould be moved by 
hand was provided to help in backwashing 
In one filter, sand was used which would 
pass a t0-mesh (per inch) screen but was 
retained on 1X8-mesh. The other filter was 
filled with an anthracite medium, 10 in 
yraded between 4- and S-mesh screens 
and an upper layer of 14 in. graded between 
and 18-mesh. 

The units were operated in parallel, 
imulating actual operating conditions as 
losely as possible. They were operated 
eontinuously ¢ xcept for week ends The 
rate of application of humus tank effluent 
was kept at 100 gal. per sq. ft. per hr 
Results of operation are summarized as 
follow The content of suspended solids 
in effluents from the sand filter ranged 
from 0 to 19 p.p.m,. and was nearly always 
less than 5 p.p.m.; the average reduction 
n content of suspended solids originally 
present in humus tank effluent applied to 
the filter ranged from 67 to 92 per cent 
Corresponding ranges in the average 
percentage reduction of B.O.D. and oxygen 
absorbed from permanganate by liquids 
ip lied to the filter were 17 to 7S and 12 
to 29 respectively. Similar but very 
rhtly better results were obtained with 
the filter containing anthracite.” 

Che filters were backwashed at interval 


of about 24 hr The quantity of filter 


effluent used for backwashing was rbout 3 
per cent of the volume. The quantity 
used was 200 to 250 gal. (Imp.) or 63 to 
SO gal. per sq. ft It was applied at a rate 


if 700 gal. per sq. ft. per hr 


At the start (June, 1948) no difheulty 


Was neountered in operating continu 
head losses reached ft 
water each daily run During 

September the filters were leaned bv 

filling ther with humus tar k effluent t 

it t { Miuce 

tion of O.02 pe ent free chlorine Atte 

1 I-hr. contact period the filters were 

4 


backwashed. The treatment had 
to be repeated at the end of October A 
treatment at the end of November with 
0.01 per cent chlorine was not effective. 
Two treatments were carried out in 
December with concentrations of 0.02 and 
0.03 per cent 

In February un inspection was made and 
the inside of each filter was found to have 
. thick coating of a gelatinous material. 
This material penetrated the sand to a 
depth of ‘6 in. in the anthracite filter and 
14 in. in the sand filter. Treatment with 
0.05 per cent chlorine with a contact 
period of 2 hr. appeared to clean the 
medium fairly well in each filter, but the 
‘oating on the walls remained. No fur- 
ther treatments were made from that time 
on until the filters were taken out of 
service in May 

Two semi-seale filters each | it. diameter 
with 15 ft. effective depth were installed 
at the Finham works of the Coventry 


Corporation Design was based on ex- 
perience gained at the Luton works Here 


provision was made for loosening the sand 
hefore backwashing by blowing air into 
the base of the filters. It appears that au 
scour might prevent progressive blockage 
of the sand of the sort noted at Luton. 
No accumulations of gelatinous material 
were noted in nine month s operation No 
treatment with chlorine solution Was 
necessarv. Here the sand was found 
rather more efficient than the anthracite 
semi-seale micro-strainer was also 
tested at the Luton works. This device 
was a woven stainless steel fabric in the 
form of a drum 2!» ft. diameter and | ft 
S'o In long, open at one end. Two 
meshes were used—Mark II with 58,000 
openings per sq. in., and Mark ITA with 
100.000 per sq. in. The nominal wire 
liameters were 0.06 mm, and 0.045 mm., 
spectively Phe total area of the drum 
was about 13 sq. tt. of which about 8 sq. ft. 
were submerged Humus tank effluent 
entered the open end The exposed 
fabric was sprayed continuously with 
strained effluent; debris removed was 
lected in a trough inside the drum. 
About 7 per cent of the flow of effluent was 
} } 


ised tor DACKWASI 


ing. Chlorination of 
the fabric was carried on at intervals of 
8 to & davs to control stoppage ol the 
fabric by organic growths. 


Reeords with Mark II fabric with a 


lrum speed of one revolution in 2S 
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seconds showed reductions in suspended 
matter of 61 to 73 per cent, and reductions 
in B.O.D. of 31 to 46 per cent. Better 
results were obtained with the Mark ITA 
fabric. During part of the tests with this 
fabric the speed of the drum was 21 sec. 
per revolution. The tests covered a 
period of one year. With the Mark II 
fabric the maximum rate of flow was 
60,000 to 70,000 g.p.d. (Imp.) (312 to 364 
gal. per sq. ft. per hr., based on 8 sq. ft.) 
according to head available. After a 
larger feed syphon was installed an average 
rate of 80,000) g.p.d. with Mark IITA 
fabric was maintained. The speed of 
rotation was 21 sec. per revolution at these 
rates, 


T. L. Herrick 


City of Seattle--Report on Sewage Dis- 
posal. By A. Wotman. (Sept. 25, 
1948). 

In a report to the City Engineer of 
Seattle, Wash., it is concluded that Puget 
Sound, with unusual depths and large 
tidal variations, has a high capacity for 
continuing assimilation and conversion of 
sewage into non-objeetionable organic 
constituents. Further, except immedi- 
ately adjacent to the City of Seattle, it is 
in excellent biochemical condition and 
safe, from a public health standpoint. 
The City of Seattle has not made logical 
and effective use of Puget Sound for the 
adequate disposal of its municipal sewage 
through failure (a) to extend its discharges 
into sufficiently deep water at many 
locations; (b) to maintain discharges 
continuously at deep water, where origi- 
nally so planned and constructed, by 
insufficient capacity of discharge lines, by 
breaks in outfalls close to shore, by con- 
tinued additions of storm waters, or by 
various combinations of these deficiencies; 
and (ce) to develop the most desirable 
points of discharge. 

The sewage must be properly dispersed 
through multiple outlets at suitable depth 
and location. In general, there is plenty 
of dissolved oxygen available; in parti- 
cular, several smaller situations need 
cleaning up by installing suitable equip- 
ment or reconstruction or relocation of 
minor outfalls. 

The North Trunk sewer, handling half 
the population, should be extended into 75 
ft. of water, with two outlets, and re- 
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designed to carry three times the dry 
weather flow. Comminution units should 
be installed and operated, before con- 
sideration is given to further removal of 
grease or floating solids. 

Many minor sewers should be extended 
into deeper water, and details of intereep- 
tion balanced against multiple outlets. 
No more combined sewers should be built. 
An industrial waste survey should be 
made, Performance must be vigilantly 
checked. 

All of the sewers are on the combined 
basis, with storm overflows. The present 
population is around 500,000. The water 
consumption is in excess of 150 g.p.e.d., 
resulting in weak sewage. 

Puget Sound is a large body of water, 
with depths exceeding 50 to 100 feet, close 
to shore, with high dilution capacity. 
Bacterial analyses are cited, showing the 
decrease with distances from 44 to Ib 
miles from the North Trunk Sewer. The 
Sound is of excellent sanitary quality 
(B.O.D. and B. coli) below and above 
Seattle. The dissolved oxygen at key 
locations in the summer ranged from 6,5 
to 9.6 p.p.m. 

The waters of Puget Sound can take 
care of approximately 25,000,000 people, 
with an 11-ft. tidal range and a 3-p.p.m. 
D.O. depletion. The major uses of Puget 
Sound water are for navigation, fish, wild 
life, bathing, and recreation. Careful re- 
view of the standards of the Washington 
State Pollution Control Commission shows 
that the only one remotely applicable re- 
lates to bathing (that is, the B. coli should 
not exceed 50 per 100 ml. {MPN}]). Such 
a standard is rarely met elsewhere, and is 
somewhat unrealistic under the cireum- 
stances. The report concludes that when 
the indicated correctives have been ap- 
plied, the standards of the State Com- 
mission will be generally met and recourse 
to elaborate artificial treatment of Seattle 
sewage will not be required for many 
years. 
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Report upon the Treatment of Solid and 
Liquid Wastes from the Processing of 
Fresh Fruits and Vegetables in the San 
Jose Area. By ©. G. Hype anp G. L. 
SULLIVAN. 38 pp. mimeo. (Aug. 18, 
1949). 

This report to the City of San Jose, 

Calif., on the treatment and disposal of 
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liauid wastes from food 


ing in the area which is or may be 


the solid and 
process 
tributary to the proposed San Jose sewage 
works, states that 
of sewage treatment and disposal works 
until the food industry 


nn whether to remove solid wastes 


treatment the design 


cannot 


proceed 
decides 
by fine screening or not. 

It is feasible for the City to design and 
operate sewage and industrial wastes 
treatment works and handle all food 
processing wastes both liquid and solids 


any case, all 


vill increase the plant loading. In 
liquid wastes are now and 
the 


pos- 


continue to be discharged into 


Two 


will 
conditions are 
discharge of liquid after fine 
and the discharge of all 
screening to remove trash 
The should be 
determined on the bases of rationality and 
Estimates in the report show that 
it is far che 


public sey 
“ible the 
sereening wastes 
coarse 

tin cans, ete program 
cost 
iper for industry to dispose of 
all its wastes in the public sewers than to 
and 


dispose of them inde- 


pt ndently, 


separately 


Solids may be discharged to the sewers 


without grinding, but will require en- 


with in- 
extend 


arrangement 
would 


larged works An 


dustry to cover expenses 


over at least 15 to 20 vears 

processing occurs in September 
ind 78 per cent of the pack Is pro¢ essed in 
nths——August, 


three m September, and 


October 
The treatment works should be able to 
50) m.g.d tanks to 
provide for 50 per cent increase 
present flow would receive 104,000 Ib. per 
day if food fine 
261,000 Ib. per day if both liquid and solid 


Digestion 


receive 
over 
screene ad 


wastes are 
wastes a acl urged to sewers, 
oxidation 
153,000 Ib. 
For digestion of 
700,000 and 
respectively, are required 
is require 5,100 and 11,100 
ectively 
ated cost of facilities for treat- 
1 wastes of the food prox 


ituations, ponds 


apacity for per day, 
1 832.000 | per 


capacity of 


essing 
industry increased SO per cent 


“i at $2,154,000. 


over 
An- 


costs 


current 
nual fixed charges and operating 
estimated 


ton of raw 


4 are 
ver a 20-v dare 


$181,940 
veut table rocessed is estimates 


and 


average 42¢ per year, ranging from 5. 
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Zs¢ The cost per ton of solid wastes 


discharged to the sewers and treated at the 


«1 works averages $1.60 for the 20- 
, ranging from $2.00 to $1.10. 


Land is estimated at $150.00 per ac 


yr. perio: 


LANGDON PPRARSE 
Report of the Special Committee on 
Pollution Abatement of the Joint Legis- 
lative Committee on Interstate Co- 
operation. State of New York, Legis- 
lative Doeument No. 51. 106° pp. 
(1949). 
New York State in 1949 embarked on a 
} pollution abatement pro- 
gram, under legislation enacted by the 
1949 session of the legislature. The 
Special Committee on Abate- 
ment Legis- 
Co- 


ymprehensive 


*ollution 
the Joint 
Interstate 


functions within 


lative Committee on 
operation. 

The 1949 report sets forth in detail what 
has happened to New York’s waterways 
as a result of uncontrolled and increasing 
pollution, what must be done to 
restore and maintain these waterways in 


and 


usefulness. In several 
appendices are included the text of the 
statute which a long-range attack 
on the problem has been launched under 
authority of the statute-created New York 
State Water Pollution Control 
well as ther legislation, 


a state of safe 


under 


Board, as 
expedite 
pollution control measures on a local, state, 
and interstate basis. 
The Special Committee on Pollution 
Abatement, continued by the 1949 session 
of the legislature, is 


g studying fiscal 
and 


ts of the problem. 


now 
other aspe 
(ORLAND 


Treatment and Disposal of Waste Waters 
from Decortication of Sisal. By T. W 
BRANDON. East African Agric Journ., 
15, No. 1 (July, 1949). 

Waste 


factories are 


sisal 


and are 


waters discharged from 


pH about 5 
Laboratory 


strongly polluting experi- 


| 
ments indicate that the polluting character 
of the | 


iously screened 
through wire gauze 


waste waters, pre 


could not be greatly 
entation or mechanical 


treatment with 


reduced by sedit 
filtration 


the greatest 


agulants, 
pollution reduction achieved 
cent 
iiter treatment we 


was about 50 per but the liquid re- 


maining yuld still be too 


polluting for harge to small rivers. 


dise 
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it 
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| 
a 
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Laboratory experiments on treatment 
by natural fermentation indicate that this 
method would not be of great value in 
reducing the polluting character of the 
waste waters, as measured by the B.O.D. 
test. Experiments with the activated- 
sludge process showed that satisfactory 
purification could be obtained by treating 
diluted sisal effluent containing not less 
than 2 per cent sewage by volume. With 
a lower concentration of sewage the results 
were unsatisfactory. Aeration alone, in 
the absence of activated sludge, caused 
little reduction in the polluting character 
of the waste waters. 

Large-scale pilot experiments showed 
that the waste waters could be treated 
readily by biological filtration, with re-use 
of effluent for further decortication. By 
this method of operation, in which the 
liquid was continuously re-circulated 
through the system at a high rate, water 
consumption could be reduced by over SO 
per cent, and no waste waters need be 
discharged. The capital cost of the in- 
stallation required at a factory processing 
100 tons of leaves daily would be about 
£8,000. Large-scale experiments in which 
waste waters, previously diluted with filter 
effluent, were treated by single biological 
filtration at a rate of 60 g.p.d. per cu. yd. 
indicated that this method of operation 
was much less efficient than that in which 
the liquid was continuously re-circulated 
through the filter at a high rate with no 
discharge of liquid from the system. 

By adopting a process of dry decortica- 
tion, with subsequent washing of fibre, 
the polluting character and the cost of 
treatment of the waste waters could be 
reduced by nearly 90 per cent. Recovery 
of flume tow and extraction of valuable by- 
products from sisal flesh would be greatly 
facilitated by dry decortication, 

H. P. Orvanp 


Estimation of Grease in Sewage Sludges. 
By R. J. Srepnenson. The Analyst 
(Eng.), 74, 257 (April, 1949). 

The method provides for the dehydra- 
tion of acidified samples of sludge by the 
use of magnesium sulfate monohydrate. 
Anhydrous sodium sulfate was found to be 
unsatisfactory because with petroleum 
ether (boiling point 50°-60° C.) the deca- 
hydrate liberated moisture during the 
extraction process. The magnesium sul- 
fate monohydrate was prepared by drying 
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the heptahydrate spread in a thin layer at 
97° C. overnight. The mixture of sludge 
and magnesium sulfate becomes hard 
enough to grind within 30 min. and is then 
extracted in a Soxhlet apparatus with 
petroleum ether for 5 hr. 

Comparison with the A.P.H.A. standard 
method gave values similar, although in- 
variably slightly greater. Recovery of 
grease added to a sludge of known grease 
content was 98 to 99 per cent. A method 
of drying acidified sludge on a water bath 
and finally in an oven at 100° C. prior to 
extraction gave distinctly lower values 
than either the proposed method or the 
A.P.H.A. standard method. 


W. W. Sanperson 


Iodine from Oil Well Brines. By F. G. 
Sawyer, M. F. Ouman, and F. KE. Lusk. 
Industrial and Engineering Chemistry, 
41, 8, 1547 (Aug., 1949). 

Some forms of marine life extract iodine 
from sea water and are probably respon- 
sible for the commercially useful concen- 
trations of iodine found in seaweeds, brine 
from oil wells, and the Chilean nitrate 
beds. The iodine concentration in sea 
water is only about 0.1 p.p.m., whereas 
that of typical oil field brines may vary 
from 10 to more than 100 p.p.m. The 
bromine content is roughly twice that of 
the iodine. 

The iodine recovery process consists of 
the following steps: skimming waste oil 
from the brine, coagulation with ferrie 
chloride, acidification, sand filtration, chlo- 
rination for liberation of the iodine, strip- 
ping of iodine from the brine by means of 
counter-current air flow in a“ blowing out” 
tower, absorption of the iodine in a packed 
tower by means of a water solution of 
hydrogen iodide and sulfuric acid. Water 
and sulfur dioxide are added continuously 
to the hydrogen iodide-sulfuric acid ab- 
sorbing liquor to convert the free iodine 
absorbed to hydrogen iodide. A portion 
of the circulating hydrogen iodide-sulfurie 
acid liquor is bled off and sent to the iodine 
finishing operations. The iodine-stripped 
air is recycled to avoid air pollution and 
evaporative cooling in the stripper. The 
spent brine leaving the blowing out tower 
is discharged to a stream. Inasmuch as 
waste oil has been entirely removed from 
the brine, iodine recovery eliminates this 
source of pollution, thus saving the oil 
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producers the cost of oil removal equip- 
ment 

The paper is concluded by a description 
of the iodine Fifteen 
references and process flow sheet 


Pau. D. 


finishing 


process 
HANEY 


Electrometric System for Continuous Con- 
trol of Reduction of Hexavalent Chro- 
mium in Plant Wastes. By James L 
aNnp A. KennetH GRAHAM 
Plating, 36, 10 1949). 

This practical po- 
tentiometric method for the 
control of the reduction of hexavalent 
chromium to trivalent with 
copperas (ferrous sulfate) in the presence 
wid 

Ferrous sulfate in concentrations up to 
12 to 16 oz. per gal., stabilized with sulfuric 
acid to a pH of 2.0, will reduce hexavalent 


(et 
paper describes a 


continuous 
chromium 


of sulfuric 


chromium efficiently, provided enough free 
acid or equivalent is present to insure a 
final solution pH of 2.5 or lower. The 
potential of a platinum-calomel electrode 
system at which complete reduction of 
acid in various concentrations is 
assured is 490 to 500 millivolts 

An installation of 
control of the 


trivalent 


chromu 


au unit for continuous 
reduction of hexavalent to 
plant 
ts of a calomel-platinum electrode 


chromium im a waste 
assembly that continuously measures 
oxidation potential of the chromic acid 
te, a potential amplifier, and a po- 
tentiometer The latter in- 
proportioning valve, 
sulfate solution 
into the flowing 
used to 


recorder 
directly 4 
ferrous 

age tank 

A similar unit is 

djust continuously the pH of the waste 
etion and should be installed 

ide of the chromic acid 

i distance sufficient to 

The pH control 
he reduction unit, except 
electrode 
the pH of the waste and the 


ining 
glass system 1s 
ised to ¢ 
SULTUPLe 
M unten 


phasized 


ontrol features em- 
ision of dual control 
undred feet apart in 
provision of a 
increase the time 

ad permit mixing 

1 of stray currents, and 
of electrodes with con- 


icid Mainten- 
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ance of the waste pH below 2.5 helps to 
For 
concentrations of chromie acid up to 200 
a setting of 490 to 500 millivolts is 
satisfactory 


minimize fouling of the electrodes 


p.p.m 
and insures a small excess of 
For satisfactory control 


the pH of the waste must be less than 2.5 


ferrous sulfate. 


prior to reduction and not more than 2.5 
afte chromic acid 
ve discharged suddenly into the 
ven a dual installation will not 
guarantee complete reduction under ex- 
treme load 


amounts of 


arge 


must not 


wustes, as e 


PauLt D. Haney 
Report of the Water Pollution Research 

Board for the Year 1948. Department 

of Scientific and Industrial Research 

(Great Britain 56 pp. (1949). 

The report first discusses the softening 
of water by aeration, with reuse of pre- 
cipitated calcium carbonate, and the reuse 
shell fish in 

Next 


logical filtration of sewage is considered, 


of sea water for cleansing 


connection with chlorination. bio- 
with a comparison of methods of operating 
percolating filters as tested at Minworth, 
where the effluents from alternating double 
filtration were found slightly better than 
effluents from filtration with recirculation. 
The B.O.D. of the settled sewage applied 
ranged from 149 to 202 p.p.m. The 
settled effluents of alternating double 
filtration contained from 12 to 20 p.p.m. 
of B.O.D. and 14.8 to 17.3 p.p.m. of nitrite 
parts N). The rate of 
288 U.S.) g.p.d. 


plus nitrate (as 
treatment was 240 Imp 
per cu. yd. of Experiments at 
settled 
cent by 


medium. 
Finham, Coventry, on a stronger 
sewage containing 0.2 to 0.75 per 
volume of gas liquor, at rates of 120 Imp. 
144 U.S.) g.p.d. per cu. yd. of medium, 
produced effluents containing 16 to 24 
p.p.m. of B.O.D., with very little difference 
between the two types of filters. Other 
tests at vichall indicated 
that up to 0.25 per cent of gas liquor could 
be treated, but 
0.4 per cent of gas liquor 


Stir Coventry 
deterioration occurred at 
handling up to 
72 U.S.) g.p.d. per cu. yd. 

flies have 


ontaming 


been controlled by a 


cent of Gam- 


rate of 16 lb. per 


powder « 
mexane at the acre. 
Apparently fish are affected by concentra- 
p.m. or more Gammexane 

However, if a 

is treated with Gammexane 


>not exceeding 1 lb. of the gamma 
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isomer per acre at each application, the 
effluent is not toxic to fish. 

Sewage effluent was filtered through 
sand and through crushed anthracite to 
remove humus, following sedimentation. 
The filters were backwashed with effluent. 

Laboratory tests were made to ascertain 
the effect of chlorine on the destruction 
and after-growth of bacteria in sewage and 
sewage effluents. The effects observed 
were that the percentage of bacteria 
destroyed was larger as the initial con- 
centration of chlorine was increased, and 
the destruction of bacteria was followed by 
growths of survivors, eventually exceeding 
those of the raw sewage. 

Pure cultures of the bacteria surviving 
chlorination and responsible for after- 
growth showed, out of 37 such cultures, 24 
were gram-negative rods, 5 were gram- 
positive rods, and 2 were gram-positive 
The effect of chlorination on bac- 
terial counts of liquids containing small 
amounts of gas liquor or thiocyanate was 
also found more pronounced than if no gas 
liquor was added. 

The industrial wastes waters discussed 
are those of processing sisal, coffee, grain 
(washing of wheat), and manufacture of 
cider, also acid waste waters from steel 
pickling (reference being made to upward 
filtration through small particles of crushed 
limestone; cf. Gehm, H. W., 
JouRNAL, 16, 1, 104; 1944: and Reidl, A. L., 
Chem. Eng., 54, 100; 1947). Tests also 
were made to remove dissolved iron and 
are being continued. Waste waters con- 
taining cyanide may be treated by chlorine 
in alkaline solution. 

The effect of discharge of alkaline sludge 
to the estuary of the River Mersey was 
examined to determine if it was per- 
missible for an industry to discharge about 
8.25 Imp. m.g.d. containing 500 tons of 
dry solids. The tidal basin was examined 
and the rate of sedimentation of the 
Mersey mud studied. Apparently, car- 
bonation of the sludge would remove its 
accelerating effect on the rate of deposition 
of Mersey mud. 

No conclusions are given. 

LANGDON PEARSE 


Methods of Surveying Steel Plant Wastes. 
sy A. H. ArpoGast anp J. E. 
Tron and Steel Engr., 26, 80 (Dec., 1949). 
The authors point out that industrial 

waste work requires an adequate lab- 
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oratory, and personnel that understands 
the various methods of analysis and meas- 
urement of fluids, as well as conventional 
waste treatment operations and their 
interrelationships. Where suitable per- 
sonnel is not available in the plant, the 
advice of a recognized consulting engineer 
should be sought. The importance of 
accurately determining concentrations, 
and of collecting representative samples in 
proportion to flow rate, is emphasized. 

Steel plant wastes are classified in the 
following categories: sand and silt from 
quarries and ore preparation plants; waste 
waters from blast furnaces, including gas 
washer waters, blowing engine lubricants, 
and hot cooling water; condensate con- 
taining oil or tar, and gas scrubber water, 
from open hearths; water containing oil, 
grease and scale, pickle liquor, galvanizing 
and electroplating liquors, cylinder oil, 
paint solvents and drying oils, from mill 
operations; soluble oils, lubricating oil, and 
degreasing solvents, from machine shops; 
steam condensate containing oil, grease 
and seale, from forge shops; and con- 
densate and cooling water containing tar 
acids and other impurities, caustic desul- 
furizer liquors, iron oxide from desulfurizer 
boxes, and absorption oil residues, from 
by-product coke plants. 

When the plant survey and research 
studies are completed, a systematic pro- 
gram should be formulated to establish a 
reasonably accurate schedule for con- 
struction and subsequent operation of 
facilities. 

More or less conventional methods for 
conveying, treating and settling various 
waste waters are reviewed, including 
practices at Bethlehem steel. 

This paper was discussed at length by 
H. G. Knox, Technical Advisor, Pennsyl- 
vania Sanitary Water Board, who reviewed 
the efforts of the Board to establish waste 
treatment standards by industry classes. 
The Board believes that a common set of 
effluent standards to govern all industry 
would be impractical. Standards that 
have been prepared for the milk, and the 
oil and gas well industries, are about ready 
for promulgation. Plans for standards for 
tanning, paper manufacture, and_ steel 
pickling, are well advanced. 

Mr. Knox pointed to specific savings 
that had been effected by preventing 
useful materials from becoming wastes in 
the first place. He emphasized the im- 
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portance of including a cost analysis in any 
study of industrial waste disposal, and 
welcomed consultation with the Bureau of 
engineering on waste disposal problems. 
ticHARD D. Hoak 
Mechanical Filtration of Sewage Effluents. 
The Surveyor, 108, 661 (Nov. 4, 1949 
In the discussion of a paper of the same 
appeared in the Sept. 30 
issue of The Surveyor (abstracted in this 
JourRNAL, p. 579), it 
pointed out that there was a danger 


name, which 


issue of! Wis 
conditions developing in a 

ipid sand filter used for the treatment of 
settled effluents Such conditions did not 
develop in the closed semi-seale filters used 
in the tests; although the dissolved oxygen 
orbed conditions did not 
‘lop It is felt that open filters would 


of anerobic 


pt ic 


ess apt to develop such a condition 


t 
There was little chance for loss of oxygen 


in the case of the micro-strainer. 


The suggestion had been made that 
rapid filters or micro-strainers might be 
used instead of humus tanks following 


trickling filters. It is felt that the rates of 
filtration used in the tests could be main- 
tained, but that more backwashing would 
be re quired and the size of the installation 


would have to be increased, with either 
micro-strainers or rapid filters. The 
amounts of wash water and the 
concentrations of solids might 


an increase in the volume of the 
settling tanks 
HERRICK 


Utilization of Organic Domestic Wastes. 


By Crarves E. Burk The Surveyor, 

108, 629 (Oct. 21, 1949) 

During the past few years much has 
been said neerning the composting of 


household refuse with sewage sludge. It 
has been reported that the application of 
f beneficial effect 


On the other hand, reports on 


pulverized refuse has a 


resear( h 


rk and field experiments have but 
uintly praised Sue hy composted materi ils 
It not the intent here to discuss the 
fertilizing f household refuse or 
se lure of the composts of these 

terials, but t recept the fact that they 
have a ae te value when applied to the 
land. It med that all inorganic 

itter Is re ed from household refuse 
etore it sed r composting 


Studies is to the prol ible 


cost of the 
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disposal of refuse from a population of 
500,000 based on the in- 
formation continued in a 1942 paper by 
Cc. C. J. Bullough (facilities for refuse 
separation, pulverizers, composting bays, 
and maturing grounds; population, 50,000; 
refuse, 40 to 50 tons per day; and sludge 
available, 36 tons per day at 95 per cent 
moisture). 

Plant requirements were worked out 
and estimates of costs and annual revenue 
were made for the composting of the refuse 
from a population of 557,640. The esti- 
mated amounts of refuse and sewage 
sludge were 140,000 tons and 6,022 tons 
dry basis) per year, respectively. The 
plant facilities in the layout ineluded re- 
hoppers, separation plant, pul- 
verizers, composting bays, and maturing 


were made, 


ceiving 


grounds. The area of the composting 
bays was such that the material could be 
retained there for a minimum of 7 days 
plus time for turning and removal, or an 
estimated total time of 10 days. <A period 
of 22 weeks was provided in the maturing 
grounds. Annual costs were estimated at 
$226,348 not including taxes, administra- 
tion, or any cost in connection with the 


acquisition of land. Estimated income 
AS follows 
Material Tons Price Amount 

Dust and fine ash 59,920 $0.20) $11,984 
Cinders 15,260 0.50 7,628 
Paper 6,160 28.00) 172,480 
Ferrous metal 3,360 2.30 7,728 
Non-ferrous metal 28 200.00 5.600 
Rags 350 96.00 33,600 
Bottles 574. 24.00 13,776 
Cullet 308 3.00 
Compost 60,062 1.80 108,108 


Total 146,022 $361,828 


Thus, the excess of costs is 
$135,480. 
If the aim 
amount of compost by adding dust, paper 
and rags the total quantity 
126,492 tons ind the 
$260,100 (based on the 


income over 
were to produce the maximum 
wi uld be 


estimated income 
would be 


Satie 
unit price for compost as used before 
The annual costs would be higher is 
additional plant facilities and composting 
irea would be required. Revised esti- 
mated annual costs are $237,324, or 


$22,776 less than the estimated income 
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Composting may be practical in rural 
areas where ample space is available at the 
treatment works. Tonnages are 
such that they can be handled with simple 
mechanical aids and the output usually 
can be sold to nearby farmers. In larger 
communities difficulties may be encount- 
ered in disposing of the output continu- 
uusly. Prolonged storage is not econom- 
ical, and the raw wastes must be accepted 
whether or not there is a market for the 
output. 


sewage 


T. L. Herrick 
Utilization of Organic Domestic Wastes. 

The Surveyor, 108, 655 (Oct. 28, 1949). 

This article is a report of the discussions 
of a paper of the same name which ap- 
peared in the Oct. 21st issue of The 
Surveyor. The first discusser expressed 
the opinion that it was a failure not to 
conserve all organic wastes and return 
them to the soil. At times other methods 
of disposal (such as barging to sea) will be 
more economical, but expedience should 
not be the deciding factor. It did not 
appear practical to give up the income 
from the sale of paper by processing it 
with the material. It 
suggested provision be made for 
from the roadsides and 
sawdust in the compost. 

Another discusser called attention to 
the fact that the author had used figures 
based on Bullough’s paper (1942) and that 
conditions had changed in the sueceeding 
Experience at Maidenhead showed 
that the revenue from the sale of compost 
did not pay for the costs of production. 
However, the method was still a practical 
method of handling the material if it did 
not entail greater costs than other methods 
of disposal. It is a mistake to give the 
idea that the method would provide a 
He thought that the 
cost of composting would be about the 
same as for controlled dumping of refuse 
and disposal of sludge by normal methods. 
It appeared that there was still a great 
difference of opinion on the value of 
compost. 


composting 
that 
grasses 


was 


adding 


years. 


saving in the taxes. 


T. L. Herrick 
Utilization of Organic Domestic Wastes. 
The Surveyor, 108, 665 (Nov. 4, 1949). 

In this continuation of the discussions 
of the paper of the same name, it was 
pointed out that composting had been 
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carried on at Maidenhead for 13 years, 
and for 12 years at Leatherhead. It had 
been used at a number of small com- 
munities in South Africa, and also in New 
Zealand and Central America. Another 
speaker felt that less trouble was entailed 
by applying the sludge directly to the land. 
Still another expressed the opinion that 
*“(1) it was more or less a messy product, 
and (2) it had too many uninformed 
disciples.”” Many who had tried to get 
firsthand information on the subject had 
not been very successful. 

T. L. Herrick 


Liquor Effluents and Ammonia Committee. 
By C. F. Bortey. Gas World (Lon- 
don), 130, 1927 (Dee. 3, 1949). 
Increased sales of gas has led to greatly 

increased production of gas liquor and 

liquor effluent, and many gas works must 
pay heavy charges to sewage authorities 
for removal. Many small works make 
little or no effort to deal with ammonia 
liquor. Installation of ammonia recovery 
plants at small works is not usually 
practical, but some improvement can be 


made by more careful control of the 
condensing, scrubbing, and _ purifying 
plant. Electrostatic detarring, applicable 


to both old and new plants, results in a 

liquor of greatly reduced toxicity. 
Ricwarp Hoak 

Effluent Disposal. Gas World (London), 

130, 1927 (Dec. 3, 1949). 

Where possible, the best solution is for 
the gas works to make a controlled dis- 
charge to sewers of liquor containing the 
minimum quantity of thiocyanate and 
polyhydric phenols, and from which free 
ammonia, sulfide, and cyanide have been 
removed by distillation. A large number 
of processes has been devised for removal 
of monohydrie phenol, although it is un- 
certain whether this operation is profitable. 
One plant, using light creosote as a solvent 
for phenol, has been operating profitably, 
but it was built before present high con- 
struction costs. 

Ricuarp D. Hoak 


Standards for Trade Effluents? (hem. 
Trade Journ. (London), 125, 723 (Dee. 
16, 1949). 

Although in certain suthorities and local 

Acts effluents have been required to con- 

form to specified standards, no standard of 
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quality has generally been defined in the 
various Acts dealing with prevention of 
The Rivers Pollution 
reports that 
only desirable 
subcommittee is 


pollution of rivers 
Subcommittee now 
not 
The 


view by 


such 
but 
SUp- 


standards are 
practica 

ported in its 
did ne 


but suggests 


many witnesses It 
it itself attempt to fix any standards 
that the first step would be to 
sts that 

such 


would measure 


ais D. or 
‘he next step would be to 


some 
tox- 
lards 


appl eable to any 


or portions of them, at 
liscretion 
trcHarp D. Hoak 
Water Pollution Abatement Manual for 
Insoluble and Undissolved Substances, 
Manual W-2. Manufacturing Chem- 
ists’ Association, Washington, D. C 
12 pp. (Aug., 1949 
This manual 
Pollution 


Water 
the 


prepa ed by the 


Abatement Committee, is 


Association's second publication on the 
subject of 


Topies cove 


water pollution abatement 
red in the seven sections of this 
effect on 


concentrations 


receiving 
removal ot 
sludge digestion, sludge 


waters, 


vastes 


1,065 
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goons, detritus tanks, sedimentation tanks, 
flotation, and filtering. 
D. Haney 
Two Stage Filtration vs. Single Stage. 
ty C. J. Dekema P. R. Krice. 

Public Health Africa), 13, 280 

Sept., 1949), and 317 (Oct., 1949). 

In January, 1939, tests were started at 
the Rondeblut works in a pilot 
plant which provided two-stage filtration 
of settled sewage. At the end of 1941 
definite conclusions were drawn = and 
results were published in April, 1942. The 
conclusions were that ‘‘a double filtration 
as the one described 


So. 


sewage 


system such repre- 
sents an advance in sewage works practice. 
A double filtration process employing two 
12-ft. deep, enclosed, artificially ventilated 
filters and two humus tanks is likely to 
show an increase in performance of 40 
per cent over a normal system employing 
single filtration.” 

While the tests were under way the 
main filter bank for the Rondeblut works 
was being extended and features used in 
the pilot plant incorporated. In 
September, 1943, tests were 
started For these tests 5 of the 8 filters 
were selected. 


were 


large-scale 


They were 


Depth 


to: 
to 2 
All filters are enclosed and ventilated 
by forced draft Filters 6 and 
7 were operated as two-stage filters, with 
an intermediate humus tank. Results for 
the period September, 1943, to December, 
1944, are shown in the following table: 
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It appears that the two-stage filters 
operated in fixed sequence show at least 
a 30 per cent improvement in performance 
over the single-stage filters. 

During the period of the tests ponding 
was slight and spasmodic on the single- 
stage filters and on the secondary filter of 
the two-stage unit; it was troublesome on 
the primary filter at fairly regular inter- 
vals. The exhaust air from the single- 
stage filters and from the secondary had an 
earthy odor, not objectionable. The odor 
of the air from the first-stage was very 
unpleasant 

The sludge from the humus tank follow- 
ing the primary-stage filter was black, 
with a bad odor, and requires further 
treatment, such as digestion along with 
raw sludge. Thus, additional capacity is 
necessary with stage filtration over what 
would be required with single-stage filters. 
It is felt, however, that removal of humus 
sludge between stages gives two-stage 
filters the advantage over single-stage 

Tests were also carried on with the two- 
stage unit in which reversals of flow were 
made at varying intervals. Two very 
gradual reversals were made in which the 
time for the complete reversal was 40 days 
in one case and 25 days in the other. 
Slight but positive improvement in the 
B.O.D. of the secondary effluent was 
noted. Further tests on reversals were 
made with varying intervals and times re- 
quired for the reversals. Daily instan- 
taneous reversals were made for a period 
of about 40 days. The authors feel con- 
fident that, whereas the improvement of 
two-stage in fixed sequence over single- 
stage is of the order of 30 per cent, the 
improvement (or extra treating capacity) 
to be obtained with two-stage filtration 
incorporating frequent reversal, is likely 
to exceed 50 per cent. 

T. L. Herrick 


The Agricultural Use of Sewage. [3) 
WitHetm Muuier. Wasser und Boden 
(Germany), p. 124 (1949) 

During recent vears the agricultural use 
of sewage has often been discussed in 
Germany without finality being reached 
on this important question. Publie health 
requires a hygienic sewage disposal, but 
the problem eannot be solved alone by 
local authorities It is a task for the State 
organization, especially in densely settled 
countries. 

W ater conservation has become more 
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important. Use of water has to be 
regulated. Within this water planning 
sewage has its own part. In particular 
the agricultural use of sewage by different 
technical means may appreciably increase 
the productivity of a country. For this 
purpose sewage must be fully treated and 
freed of pathogenic organisms. 

The humus matter and the manure 
value of sewaye should be used in agri- 
culture to compensate for the organic 
matter exported from the country as food. 
Sewage disposal into the ocean only ‘ ma- 
nures’’ the seawater. Only such volume 
of treated sewage should be discharged into 
rivers as is nec essary}to manure the rivers 
for fishing industries. 

W. 


Disposal of Plating Room Wastes. ky 
B. F. DopGe ann D.C. Reams. Ameri- 
ean Klectroplater’s Society. 48 pp. 
$1.00 (1949), 

This critical review of the literature 
pertaining to the disposal of waste cyanide 
solutions was sponsored by the American 
Electroplater’s Society and included con- 
sideration of all proposed methods of 
eyanide waste treatment, whether used or 
not. The review also included articles on 
the effects of evanides on streams and 
sewage treatment plants 

The authors’ conclusions are briefly 
summarized as foilows 

It appears from published results that 
concentrations of less than 0.0L to 0.02 
p.p.m. of CN in a stream would be 
acceptable in most cases, and that in some 
cases concentrations of 0.5 p.p.m. or more 
might be tolerated. The permissible ey- 
anide content of sewage may be as much aN 
3 p.p.m and the amount in the waste 
higher, depending on the dilution. 

Cyanogen compounds, such as the com- 
plex eyanides, evanates, and thiocyanates, 
are much less toxic than the eyanide ion 
anc this fact is utilized in several treat- 
ment processes. 

Segregation of wastes prior to treatment 
is desirable. Separating concentrates 
from dilute wastes may allow discharge 
of the latter without treatment or after 
simpler treatment than would be required 
of the mixture 

Dilution, although the simplest and 
most desirable method of disposal from the 
standpoint of the plater, has only limited 
application due to the high toxicity of the 
eyanide ion. In addition, this method 
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requires careful control of the release of the 
waste in order to avoid temporary locally 


high concentrations. This control is not 


to insure under all conditions 
vaporation of concentrated wastes may 
have merit at small plants. Acidificatior 
and volatilization of the hydrogen cyanide 
practiced at several large 
method of eliminating en- 
uestion of the toxie effect of 


in the discharged gases 


is Is HOW 


plants. One 


tirely any q 
hydrogen cyanide 
is to burn them tecovery of the cyanide 
air might be accomplished by 

The conversion of the cya- 

nide ion to insoluble eyanides of such metals 
copper, Ol method of 
treatment that has been laboratory teste d, 
but which holds littl The 


ipitating are relatively ex- 


lead Is A 


promise. 
pres agents 
pensive and the removal of cyanide is not 
The formation of in- 
soluble iron ferro- or ferricyanides by treat- 


omplete 


ment of evanide wastes with lime and iron 
abroad 
this 
before its true worth can be deter- 


salts is practiced extensively 


Much 


Drocess 


mined. The literature contains conflicting 


study needs to be given to 


statements as to its value. 
The oxidation of cyanide to 
it pH 8.5 or above is coming into 
wide use in the United States. 
probably the most satisfactory and cheap- 
Usual practice is to 


less 


toxic 
Chlorine is 


igent 


destroy the cyanate also by an excess of 
chlorine The end products are then car- 
dioxide and nitrogen. This method 
» be applicable to nearly all types 
wastes. When chlorine is the 

nt it to be 


r silver plating wastes be 


bon 
app 
ol 


does not appear 


iltv in recovering the silver 
cidation of the evanide with 
metals has been used; 
probably limited to con- 
The use of polysulfides 
thiocyanates has been 
to be not 
tion of formaldehyde 
ind alkali cy inides 
consideration, but 

too incomplete to form 
work has 
treatment 


essentially a 


very satis- 


huation 

ion exchange 

nethod is 


roblems are 
riation in 
waste 


plants produci Few plants 


have accumulated data on the composition 
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of the wastes, both of which 
Where there is 
variation, batch treatment appears to be 
An important fact is that there are 
often two types of waste, the strong spent 
baths and the dilute rinse waters. The 
ipplicable treatment methods may be en- 
tirely different. 

It is 
attempt 
An important exception is in 
with wastes from silver plating 

This literature review indicates a great 


and volume 


ire quite variable. great 


best 


feasible to 


materials. 


seldom economically 


recovery of valuable 


connection 


dearth of quantitative data on proposed 
and operating processes. Progress in the 
future will probably be in the direction of 
improvement of known processes. 


The bibliography contains 86 references. 


D. Haney 


Disposal. By Roger 
Chem. Eng., 56, 9, 97 


Cyanide Waste 

Jr 
1949). 

This paper presents a description of the 
National Carbon Company’s cyanide 
waste disposal plant located at St. Albans, 
Vt. The operation of producing finished 
flashlights from sheet 
several chemicals creating difficult disposal 
probl Cyanide wastes from electro- 
plating operations the 


These wastes are treated prior 


(Sept., 


brass involves 


ems. 
posed greatest 
problem. 
to disposal to the citv sewer 
} 


chlorine and ¢ 


by means of 
wustic for cyanide removal, 
and the 
Waste disposal equipment 


neutralization, precipitation of 


heavy metals 
agitating, 
The 


evanides 


chemical feeding, 


consists 

storage, and sedimentation devices. 
final effluent is 
mildly alkaline, and contains | to 3 p.p.m. 
if 


removed from 


clear, free of 


of free chlorine. Sludge is 
the settling tanks by pumping and is dis- 
Total sludge 
onth. 

laboratory 


charged to an earth lagoon. 
about 2.200 cu. ft 


ess is under careful 


averages per n 


The pros 
and 
aquarium in which goldfish are kept 


control the laboratory maintains a 
small 


in a ind treated 


waste proportioned so that dilution condi- 


mixture of city water 


Oo! 


re severe than in the 
the plant 


caustic soda 


PAUL HANEY 
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Handbook of Chemistry. By N. A. 
Lance. Handbook Publishers, Inc., 
Sandusky, Ohio. Seventh Edition, 
1949. $7.00. 1920 pp. 

The 1920-page seventh edition of this 
excellent reference work contains not only 
a thorough revision of materials previously 
presented, but also a considerable number 
of tables not in the previous edition. Of 
particular value as a source of chemical 
data, the volume is equally valuable for 
its physical data used in laboratory work 
and manufacturing. As a concession to 
the necessities of holding size and cost 
within the bounds of reality, much of the 
basic mathematical data contained in an 
appendix to all previous editions has been 
eliminated, and published in a separately 
bound volume. 

Tables extended or completely _re- 
written include: 


Periodic Chart of the Elements 

Description of the Elements 

Table of Isotopes 

Plastics and Synthetic Rubbers 

Composition and Use of Foods 

Typical Analyses of Various Public Water 
Supplies 

Corrosion and Heat Resistant Alloys 

Commonly Used Ceramic Materials 

Index of Refraction of Liquids 

Single Electrode Potentials 

Composition and E.m.f. of Voltaic Cells 

Electrometric Determination of Hydrogen 
Ion Concentration 

True Capecity of Glass Vessels 

Standard Volumetric (Titrimetric) Solu- 
tions 

Specific Gravity of Aqueous Ethyl Alcohol 


Book Review 


Vapor Pressures of Various Substances 

Properties of Saturated Ammonia 

Heat of Vaporization of Compounds 

Viscosity of Water 

Standard Letter Symbols and Abbre- 
viations 

Gas Constant 

Definitions of Chemical, Physical, and 
Pharmaceutical Terms 

Photographie Emulsion Speed Ratings 

Formulas and Properties of Denatured 
Alcohols 


Tables not in the previous edition and 
now offered for the first time include: 


Abundance of the Elements 

Glyceride Content of Drying Oils 

Properties of Hormones 

A.8.T.M., Classification of Coals by Rank 

Formulas for Calculating Mineral-Free 
B.t.u. and Fixed Carbon 

Density of Fuming Sulfurie Acid Solutions 

Dielectric Constants 

Dipole Moments 

Mass of Water in Saturated Air 

Partial Pressures of Aqueous Ammonia 
Solutions 

Kopp’s Rule for Calculating Specific Heat 

Logarithms of Equilibrium Constants 

Viscosity of Aqueous Sucrose Solutions 

Viscosity of Aqueous Ethyl Alcohol Solu- 
tions 


The detailed and excellently cross- 
referenced 26-page index further enhances 
the value of this excellent compilation of 
essential data. 

H. P. 
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Professional Opportunity 


SANITARY ENGINEER—SELFRIDGE Force Base, Micu. 


Position: Sanitary Engineer, GS-11, at Selfridge Air Force Base, 
Mich. 


Salary: $5,400 per annum. 


Required Qualifications: Applicants must have completed a stand- 
ard professional engineering curriculum leading to a Bachelor’s Degree 
in a college or university of recognized standing; or they must show 
that they have had at least 4 years of successful and progressive technical 
engineering experience of such a nature as to enable them to perform 
suecessfully at the professional level; or any time equivalent combination 
of education and experience. In addition to the minimum qualifica- 
tions indicated above, applicants must show an additional 3 years of 
progressive professional engineering experience, including at least 1 
year of diffieult and important work in one of the branches of engineer- 
ing equivalent in grade level to that required of GS-9 engineers. 


Examination: The examination will consist of a rating of edueation 
and experience. The usual veteran's preference will be allowed in ae- 
cordance with Civil Service regulations. 


Closing Date for Applications: Applications will be accepted until 
‘urther notice 


Application: Interested applicants should transmit completed U. S. 
Civil Service Standard Form 57, obtainable at any U. S. Post Office 
or Civil Service office, to Civilian Personnel Office, Selfridge Air Foree 
Base, Mich 
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A PET. EXCHANGER 


Raw sludge is pre-heated by a No. 629 P.F.T. 
Heat Exchanger before being pumped to the 
five digesters at the Madison, Wisc., sewage 
treatment plant. 


Waste heat from engines, utilizing sludge gas as 
fuel, pre-heats the sludge. Engine jacket water is 
circulated through the annular space between 
the 8” shell pipe and the 6” sludge tube. P.F.T. PSY. Hoot Eecheoe 


| Safety Gasket Rings positively prevent contam- er built for Madison 
] Metropoliten Sewage District 
ination of engine jacket water. Greeley & Henson, Engineers 


The sludge tubes have specially designed sweep 
return bends which amply provide for flow of 


ENGINE COMING WATER 


sludge with minimum of frictional loss. Return 
bends and all pipes are easily removable for 


cleaning. 


This installation is part of a plant expansion pro- 


gram. By providing adequate recirculation of 


the sludge, more effective use can be made of 


the existing digestion tanks. This is another ex- 
ample of the application of P.F.T. advanced de- 
sign to more effectively utilize all existing struc- 


tures. 


4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
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Lithogrophed on stone by Edward A. Wilson 


ake the lid off a busy street in any size- 


| 
able city! What will you find? A maze 
of mains—water, gas, and sewer mains— ff 
many of them cast iron mains—some of ra = eo 


them in service for generations. Traffic cast iron 


shock, earth settlement, or earth dis- 


turbance by other utilities, are with- 
stood by cast iron pipe because of its 


shock strength, beam strength, and swe 


crushing strength. These strength 


factors, plus inherent resistance to 
corrosion, result in long life and economy. UU. S. Cast 
Iron Pipe and Fittings, produced under modern quality- 
controls, are readily available in sizes to meet the normal 
requirements of any community. United States Pipe and 
Foundry Company, General Offices: Burlington, New 


Jersey. Plants and Sales Offices throughout U.S. A, 


‘led 
Phe 
; 
| 
4 
; 
Ope 
“3 
Aa 
: 
d 


SEWAGE AND INDUSTRIAL WASTES 19 


REMOVE GRIT 
EASILY...THOROUGHLY...AT LOW COST! 


Complete Equipment 
lili to do the complete job! 


FLOW CONTROLS * CONVEYOR 
HYDROWASH UNIT ELEVATOR 


= 
° 
¢ 
Elevation view of AMERICAN Grit Equi t, sh 
Camp Flow Controls (channel and regulator), p es Con- 
veyor, Hydrowash Unit, and tube-type Elevator. Cross- 


sectional views at A-A, B-B, and C-C are shown below. 


PROVIDES CONSTANT 
OPTIMUM VELOCITY 


POSITIVE ADJUSTMENT 
FOR VARYING FLOWS 


HYDRO-DYNAMIC 
WASHING 


AND REMOVAL 


FLOW CONTROLS—exclusive HYDROWASH UNIT—washes 
Camp Control Section and Regu- grit free of organic matter by pro- 
lator maintain constant optimum ducing a turbulent downflow re- 
velocity for effective grit settling, circulation of liquor in grit hop- 
regardless of rate of flow through _ per. 

lant. Velocity can be easily and 
instantly adjusted to meet p Shen ELEVATOR—totally enclosed, tube 
ing conditions. type, for slow and continuous re- 

moval of washed grit from the 

CONVEYOR—single strand, con- hopper. Grit drains as it is being 
tinuous drag type carries grit from elevated through the tube. 
channel to hopper for washing and 


removal. Write for Bulletin No. 249A 


We have just issued Tech- 
nical Supplement ‘“‘CR", 
containing complete design 


deta on the AMERICAN 


CAMP GRIT CHANNEL YEAR Pumping, Sewage Treatment, and 
and REGULATOR. Avail- 110 North Broodway AMERICAN Water Purification Equipment 
able + as with Bulle- AURORA, ILLINOIS RESEARCH + ENGINEERING - MANUFACTURING 
tin 249A. 


Offices Chicago New York Cleveland + Konses City + Soles Representutives throughout the World 
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DIRECTORY OF ENGINEERS 


(Continued to page 24) 


ALBRIGHT & FRIEL, INC. 
FRANCIS FRIEL 
Consulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 
WASTE PROBLEMS 
AIRFIELDS, REFUSE INCINERATORS 
INDUSTRIAL BUILDINGS 
CITY PLANNING VALUATIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 $. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charlies B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewernge, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Bullding Chicago 


MICHAEL BAKER, JR., Inc. 


The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Airport Design—Sewaye Diep 
uler rka Demgn and Operation 
and Mapes ity Planning—Hwhway Dengn 
Surseya Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 67 Crystal Lake, Ulinols 


W. H. & L. D. BETZ 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 


Operation 


Philadelphia 24, Pa 


Investigations 


Gillingham & Worth Sts. 


Don’t be fourth... 


to send in your professional card for 
listing in The DIRECTORY OF 
ENGINEERS Chere are just three 
more available spaces remaining for 
card listing among these outstanding 


spec ilists 


BLACK 


SewaGeE - WATER - 


4706 Broadway 


& VEATCH 

Consulting Engineers 

ELeEctTRIcITY - INDUSTRY 

Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES 
Conealting Engineers 

Curnton L. Boorrt Ivan L. Bogert 

J. M. M. Gaeioe Ropert A. LINCOLN 

Donato M. Dirmass AgTuce FP. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Dralnage Flood Control 


624 Madison Ave, New York 22, N. ¥. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply— Purification 
Refuse Disposal— Analyses 
Municipal —Industris Projects 
Valuations—Reports- -Demgns 


110 William Street New York 7, N. Y. 


Take advantage of the services 


of these outstanding consultants! 
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BUCK, SEIFERT AND JOST 


Consulting Engineers 
(FORMERLY NICHOLAS S$. HILL ASSOCIATES) 


Specializing in Sewerage and 


Sew Disposal, 
Water Supply and Water Puriication. 
Reports 


Ch 


Valuations and 


and Biological Lab 


112 East 19th Street 


York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad 


Street 


Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City, Mo. 
P.O. Box 7088 


Cleveland, Ohio 
1404 E. %h St. 


CAMP, DRESSER and McKEE 
Ceonsalting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and 


Design and Supervis 


oD 


Research and Development 


6 Beacon St. 


Flood Control 


Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 


SEWAGE 


SYSTEMS 


WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 


DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 


Valuations a 


nd Rates 


210 E. Park Way at Sandusky, 


Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage-——Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. 


Chicago 11, Il. 


OSCAR CORSON 


Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision-—Surveys 


902 Highland Avenue 


Ambler, Pa. 


Damon & Foster 


Coneulting Civil Engineers and 


Surveyors 


Sewerage, Sewage w 


Surveys, Land Subdiv 


sion, City and 


ater Supply. 
own 


Pianning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulhe Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bidg. 


New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply 


Rallroads 
Grade Se 


Sewerage 
Highways 


rations—Bridges—Subways 
ocal Transportation 


Investigations — Reports — 
Pians and Supervision of Construction 


Appraisals 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 


Cuarces M. W. 
Wittiam L. 

AN Frank L. Lincoun 

RWELL J. WILtiames 


JOUN AYER 
Bion A. 
A. Fa 


Water Supply 


Sewerage anc 


Investigations and Reports 


and Distribution——Drainage 
Sewage Treatment—Alrports 


Denigns 
150 North Wacker Drive Chicago 6 Supervision of Construction Valuations 
605 Colorade Bidg. Washington 5 Boston New York 


It pays to secure competent and experienced engineering advice! 
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EDWARD A. FULTON 
Ceoneulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewernge and Sew 
age Treatment Works; Municipal Pavin 
and Power Developments; ame and 
Flood Control 


3209 Brows Read Saint Lewis 14, Misseeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & Garbage Disposal 
Roads—Alirports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Keports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pitteburgh, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston READING, PA. Philadelphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A, GOFF, INC. 
General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad &t. Station Bildg., Philadelphia &, Pa. 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


GREELEY & HANSEN 
Engineers 
Paul Hansen (1920-1944) 
Kenneth V. Hill 
Samuel M. Clarke 


Samuel A. Greeley 
Paul E. Langdon 
Thomas M. Niles 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens C. A. Emerson 
A. A. Burger F. ¢. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations Laboratories 
Woolworth Bidg. 
New York 7 


Leader Bldg. 
Cleveland 14 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Havoen Joun H. Haxpino 
Oscar J. Campta 
Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


826 Park Square Building, Boston, Mass. 


CHARLES HAYDOCK 


Consulting Engineer 


Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Ma iar ent 
Reports and Valuations 


231¢ Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham Henningson W. A. Richardson 
HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more than 
600 erties and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals 
Drainage 


Standard Oil Bidg Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 


Lester D. Les A SSOCIATI 
msuliants to Municipalities since 1920 
SEWERAGI PAVING, POWER 
AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 


241 Sheridan Road 
Menominee, Michizan 


521 Sexton Building 
Minneapolis 15, Minnesota 


Take advantage of the services 


of 


these outstanding consultants! 
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HORNER & SHIFRIN 
Consalting Engineers 
W. W. S. W. Jens 
H. SHIFRIN E. BLoss 
Vv. C. Liscner 
Airports — Hydraulic Engineering — 
Sewerage and Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Bullding, St. Loule 3, Missourt 


INDUSTRIAL WASTES CONSULTANTS 
(A Guggenheim Subsidiary) 
—INVESTIGATIONS AND REPORTS— 

Offices and Laboratories 


2266 No. Menipian, wis 8, 
120 Broapway, New 5, New Yorn 


Russell B. Moore - A. F. Nelison-Robert Theroux 
(Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Water Supply and Purification, Sewer and 
Sewage Treatment, Garbage and Refune 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reporte, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disporal 
Chemical and Biological Laboratory 


604 MISSION &8T., SAN FRANCISCO 5 


MORRIS KNOWLES, Ine. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 


Consulting Engineer 


Water Supply Sewage Treatment 
Industrial Waste ‘Treatment 
NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 
Statler Bullding 111 Sutter St. 
Boston 16 San Francisco 4 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT--WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE: TREATMENT 
APPRAISALS 
3277 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 


Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 


Trafic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 


51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Matcoim Eaneerr W. Warrioce 


Rosgar W. Sawrer G. G. Wenner, Jn. 
Hazen 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y, 


LEE T, PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew 
age Disposal; Industrial Wastes, Investigations 


& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


569 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Design—Su ision 
Water Works Systems, ant 


lants, Reservoirs an —y BH 
Storm Sewers, Sewage ‘Tretiment 
Refuse Disposal, 
426 Cooper Bldg. Colorado 


RUSSELL and AXON 


Consulting Engineers 
Geo, 8. Bussell 
Joe Williamson, Jr. F. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply, Water Purification, Power Plants, 
opraieals, Rate Investigations, Reports, 


Plans, Specifications. 
Municipal Airport 


408 Olive St. 
St. Louls 2, Mo. Daytona Beach, Fila 


SMITH and GILLESPIE 
Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Alirports 


Hershey Building 
Muscatine, Ia. 


Your firm should be 
listed here 


thel most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports Appraisals 
209 8. High 8t. Columbus 15, Ohice 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
astes reatment 
Stream Pollution Studies 
Supervision, Valuation 
Labora 


tory 
14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problema, Water Supply, 
Water Purification, Water Front Improvements, 
lavestigations, Heports, Designs, Supervision, 


Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 
cluding 72 inches. 


ALL SNOW GATES and Lifts are ‘Parkerized”’ 
for protection against rust and corrosion. 


Over 40 years continuous service to the industry. 


We will be pleased to quote on any type of water 
controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


for continuous, trouble-free, economical 
handling of sewage lift problems 


For day-in-and-day-out 100°), sewage boosting you can't afford not to con- 
sider Carter's pneumatic sewage ejectors. They practically pay for themselves 
by elimination of the costly auxiliary screening equipment required with 
centrifugal pumps 


Solids and trash up to the size of the inlet and discharge valves are easily 
handled. No moving parts—no clogging or binding. Pots are either copper 
{Searing electrically-welded steel or cast iron—to your specifications. Her 
! matie ly sealed—completely eliminate stuffing box leaks and toxic gas 
|dangers. Bronze mounted double disc gates and swing check valves. Rotary 
type air compressors of high volumetric efficiency. Vully automatic controls 
Capacities—30 to 250 GPM 


Exclusive franchises for representatives still open in 
some select territories. Write today! 


ROTARY DISTRIBUTORS ¢« FLOATING & FIXED COVER 
DIGESTERS SIPHONS « PADDLE AERA- 
TORS e SLUD PUMPS « RAPID & SLOW MIXERS « 
PNEUMATIC ECTORS « CIRCULAR COLLECTORS 
FLOCCULATION EQUIPMENT DIAPHRAG 


M PUMPS 
|SELF-PRIMING CENTRIFUGAL PUMPS e PLUNGER PRES- 
SURE PUMPS 


Write Dept. S—gire your sperfic waate problems. and we'll promptly furnish a 
detaled reply 


184 Atlantic Street, Hackensack, N. J. 


RALPH B.CARTER 


CARTER’S PNEUMATIC SEWAGE EJECTOR 
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AUTOMATIC BACKWASH RAPID SAND FILTERS 


26 


The Hardinge Automatic Backwash Rapid Sand Filter cleans its own filter bed automatically, 
luring of It runs at peak efficiency at all times without shutdown or change-over. It a 
ble by sedimentation. 


ext n removing fine suspended matter not separabi 
One 12° x 88’ installation, handling 2200 gallons pe 
t } pal water, reduced solids fror 
0.00 p.p.n 99°, removal. 
Another 12’ x 40’ filter handling 750,000 gallons ps 
y of paper n “white water” reduced 
| 195 p.p.t to 21.1 
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YORK, PENNSYLVANIA — 240 Arch St. . Main Office and Works 
NEW YORK 17122 E. 42nd S?. - 205 W. Wacker Drive—CHICAGO 6 
SAN FRANCISCO 11—24 Colifornia St. - 200 Bay $¢—TORONTO 


36 WORDS ABOUT 
SEWAGE TREATMENT 


The Bio-Chemical Process (a Guggenheim development) é 
is a proved, economical, complete treatment of sewage— cal 
lowest first cost—lowest operating costs, utilizing community aE: 
trade wastes to treat sewage. at 

Investigate this process without cost or obligation. 
Ii you “n nly 34 words, you probably didn't realize that economical’ and proved’’ are doubly important 
connection uith the Bio-Chemical Process) 
THE BIO-CHEMICAL PROCESS 

OFFICES AND LABORATORIES 
2266 N. Meridian, Indianapolis 8, Ind. . 120 Broadway, New York 5, N. Y. t 
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PROOF 
“STERELATOR EFFICIENCY” 


Ane You Interesiod 
a 

Sewage and Industrial 

Waste Treatment? 

If so, affiliate with 


THE FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


Actual Users--THE BEST PROOF OF ALL—- 
Prove our claims that Everson SterElators are 
DEPEN DABLE—SAFE—EFFICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElators METER-MIX-FEED 
Chlorine gas accurately for all Water 
or Sewage Sterilizing demands 
Furnished for Manual or Automatic operation. 
Everson SterElators utilise a high Vacuum. 

The Indleating FLOW METERS bave a 10 to | ratio. 


Sierplators 


For Particulars, Write 


FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 


EVERSON MANUFACTURING CORPORATION 
207 West Huron Street, Chicago 10, Ulinois 


Please... 
Copies of the following back numbers are badly needed: 
1932—January, May 1935— May, July 
1934— January 1944-—January 


Fifty cents plus postage will be paid for 
copies in good condition. 


FEDERATION OF SEWAGE WORKS ASSNS. 
325 Illinois Bldg. Champaign, Il. 


WHICH OF THESE BULLETINS DO YOU WANT—FOR LATEST 
FACTS ON RECORDING AND CONTROL INSTRUMENTS? 


A. Pressure? Bulletin 1835 describes Bristol Send 
steam, water or gas pressure, from full vacuum g i. 


; to 10,000 psi. | THE BRISTOL COMPANY | 
> B. Temperature? Bulletin 1835 describes | 134 Bristol Rood | 
Bristol Recording Thermometers, Series 500, Woterbury 20, Conn. | 

for measuring digester and dryer temperatures. | Please send bulletins circled. 
Many new features. | a 8 | 
Liquid Level? Bulletin L700 describes | 
Bristol Liquid Level Recorders. Pressure, float Nome 
and bubbler types 
D. pH? Bulletin pH1302 describes Bristol pH | Company - | 

Controllers for treatment of sewage and in- | Add 
dustrial wastes 

BRISTOL a complete line for sewage works 
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PATRONIZE oun support ‘nakes 
lication of this Journal. When weriting advertisers be surc meson 
AND (NDUSTRIAL bar 
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W & T SEWAGE CHLORINATOR 


Chlorination time at a modern sewage trest- 
ment plant knows no hour season <5 it’s 
alwnys the right time to use this versatile 
tool in the solution of the numeroms pitb- | 
lems the average operator faces every, 
For exannple, chlorination at 
Fort Wayne, Indiana; reduces pond: 
ing at Rotterdam, New York; end steriliges 
the effluent of the Easterly Sewnge Pla. at 
Cleveland, Ohie. 


Best of sil, advancager of 
aren't expensive. The average installation 
represents leve than 1% of total plant ¢vet. 


Why not make it “chlorination time” in: 

plent now. Call your nearest WAT Repre. 
sentative for the benefit of over 35 years’ 
experience in chlorinationye fell ling of 
equipment for every sewage plant need, the 
practical knowledge gained in malting Mhou- 
sands of instsllations, and the of 
a nationwide service staff, 


: WALLACE & TIERNA 


